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DIRECT-CURRENT MOTORS 

PRINCIPLES GOVERNING THEIR ACTION 

788. What is a direct-current motor? 

A direct-current motor is a machine for converting energy 
in the form of direct-current electricity into energy in the 
form of mechanical motion. 

789. How does this conversion take place? 

Through the force of two magnetic fields mutually exerted 
upon each other within a small space between the stationary 
and movable members of the electric motor. 

790. Does it make any difference how the two magnetic 
fields are formed? 

Only a difference in degree. The two magnetic fields may 
be formed by currents flowing in two wires (straight or coiled, 
with or without cores), or by two permanent magnets, or the 
one field may be produced by a current in a wire and the 
other field by a permanent magnet. 

791. Explain how the magnetic fields produce mechan- 
ical motion in an electric motor. 

When the lines of force of two magnetic fields meet with- 
out coinciding in direction, each set exerts a pull upon the 
other which tends to draw them into agreement as to their 
direction in space ; this pull • is transmitted to the parts in 
which the magnetic lines of force originate, and will tend 
to draw them into such a position that the lines of force 
of the two fields will coincide to the greatest possible extent. 
The greater the strengths of the magnetic fields, the stronger 
will be tlie force thus acting, and if the fields be sufficiently 
strong mechanical motion will be given to that part which 
moves the more readily. 
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478 



ELECTRICAL CATECHISM 



' 79a. : P«9cribe a simple arrangement which illustrates 
the maghetffc action referred to in Answer 791. 

: Fig.. 304 illustrates such an arrangement. One magnetic 
field is produced between the poles N and S of a horseshoe 
magnet, and the other by a current flowing in the loop of 
wire suspended between the magnet poles with its plane 
parallel to the lines of force of the magnet. The lines of 
magnetic force set up by the current will be |)rojected at 
right angles to those of the magnet, which are represented 
by the light lines, and if the magnet be held so it cannot move 
and the loop be freely suspended, the latter will turn through 




Fig. 304. — ^Loop Conductor in a Magnetic Field. 

90 degrees to the position in which the lines of force of the 
magnet's field will thread through it in the same direction 
as its own lines. If the current through the loop be reversed 
in direction, the direction of the lines of force formed by 
it will be reversed, and the loop will tend to turn through 
180 degrees or until the lines of force of both fields again 
coincide in direction. 

793. How is magnetic action practically applied in an 
electric motor? 

Suppose an armature with one coil connected to a two-bar 
commutator, as shown in Pig. 305, be placed in a magnetic 
field between the poles N and S. If brushes be pressed against 
the commutator 1-2, as indicated in the sketch, and a current 
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be sent through the coil in the direction indicated by the small 
arrowheads, this current will set up a magnetic field in the 
armature core a and the surrounding air, and the lines of mag- 
netic force will have the direction of the arrow A through 
the core. The lines of force set up by the magnet have the 
direction shown by the arrows near the letters N and S, and 
the magnetic pull between these two fields will turn the arma- 
ture over in a clockwise direction until the arrow A is par- 
allel with the arrows on th€ magnet poles, as shown by Pig. 
306. When this position is reached, the pull between the 
two magnetic fields ceases, because their lines of force coincide, 





Fig. 306.— Position 
imum Magnetic Pulli 



of Max- 



Fig. 306.— Position of Mini- 
mum Magnetic Pull. 



and the armature would come to a stop in this position, so far 
as the pulling force is concerned, but for the commutator. 



794. How does the commutator keep the armature re- 
volving? 

When the armature reaches the position shown in Pig. 306, 
its momentum carries it slightly past, so that the positive 
brush touches the half 1 of the commutator and the negative 
brush touches the half 2; this reverses the current through 
the coil and the magnetic field set up by it is also reversed. 
Consequently, instead of agreeing with the main field set up 
by the magnet, the armature field is in opposition to it and 
the two react to pull the armature around in the same direc- 
tion as before, one-half a revolution, to the position opposite 
that in Pig. 306. When the momentum of the armature car- 
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ries it past this position, the brushes and commutator again 
reverse the direction of the current in the armature coil, and 
the armature is kept revolving. 

795. Has a motor armature only one coil? 

No; it has a number of coils, connected up to a commutator 
with a number of divisions, and as each coil passes the posi- 
tion midway between the magnet poles, the current flowing 
through it is reversed, as described for the single coil. 

796. What determines the speed of rotation of the arma- 
ture of a motor? 

The counter electromotive force developed in the coils of 
the armature. 

797. What is the counter electromotive force? 

It is the electromotive force induced in the armature con- 
ductors by their cutting the lines of force of the field set up 
by the magnet, as in a dynamo. 

798. What determines the strength of the counter 
electromotive force of a motor armature? 

The speed or rapidity with which the armature conductors 
cut across the magnetic field, the strength of that field and 
the number of conductors connected in series in the armature 
winding. 

799. What is the direction of the counter electromotive 
force with respect to the armature current? 

The counter electromotive force induced in each conductor 
by its motion through the main magnetic field is always in 
opposition to the current in the conductor which produces 
that motion. 

800. How does the counter electromotive force affect 
the speed of rotation of an armature? 

It tends to stop the motion of the armature because it op- 
poses and decreases the current which is flowing through the 
coils of the armature, and the motion of the armature due 
to that current varies proportionally with the strength of 
the current. 
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8oi. Can counter electromotive force be measured 
directly? 

No, but it can be calculated for any load on the armature 
by subtracting the voltage drop in the armature circuit at 
that load from the voltage applied to the brushes of the motor 
in order to run it. 

802. How is the voltage drop ascertained? 

By multiplying the resistance of the armature circuit (meas- 
ured between brushes) by the current which flows at the load 
under consideration. 

803. What relation exists between the armature speed 
of a motor and the armature current? 

The current varies inversely to variations in the speed, 
when the motor is supplied from a constant-potential circuit. 
That is, when the speed increases, the current immediately 
drops in value. If the diflference between the applied and 
counter electromotive forces be divided by the resistance of 
the armature circuit, the result will be the current passing 
through the armature. 

804. Does not a motor take a very large current in com- 
parison with its normal running value, in starting from 
rest? 

It does, because the internal resistance of the armature is 
very small and the counter electromotive force at standstill 
is zero. If this current were maintained for any considerable 
length of time it would damage the armature, but as soon as 
the armature begins to move the current diminishes, until 
in a very short time the speed of rotation and, consequently, 
the counter electromotive force become sufficiently high that 
only a small current can flow through the armature. 

805. Does not this decrease of current lessen the force 
tending to cause the armature to revolve? 

It does, and early inventors tried to get rid of counter 
electromotive force because it limited the amount of current 
that passed through the armature, but their ideas were soon 
proved to be wrong. 
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806. Have the lines of force developed by the current 
in the armature coils of a motor any effect upon the direc- 
tion of lines of force produced by the field magnet? 

Yes, a distortion of the ma^etic flux occurs, somewhat as 
shown in Pig. 307. The amount of distortion depends, as in 
the case of a generator, on the relative strengths and the 
relative directions of the magnetic fields developed by the 
armature and the field magnet. A very slight distortion occurs 
when the magnetic strength of the field is strong in com- 
parison with that of the armature. 

In order to prevent sparking at the brushes it is necessary, 
as in the case of a generator, to set the brushes along a line 



Fig. 307. — Diatortion of Magnetic Field in a Motor. 

practically at right angles to the resultant lines of force. 
The direction of the resultant lines of force of a motor is such, 
in most cases, that the brushes must be shifted backward, or 
opposite to the direction of rotation of the armature, in ord$r 
to obtain sparkless commutation. 

807. Explain more fully the effect of the distortion of 
the field of a motor upon the position of the brushes. 

Referring to Pig. 307, a a represents the iron core of an 
armature rotating in the direction of the arrow p between the 
field magnet poles N and S. Assuming the direction and 
intensity of the lines of force of the field magnet alone to 
be represented by the direction and length of the line b, 
and the direction and intensity of the lines of force of the 
armature by the direction and length of the line c, the 
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diagonal or resultant o 6 of the rectangle thu» formed repre- 
sents by its direction and length the direction and strength 
of the resultant field. 

The resultant lines of force ns, ns, etc., pass through the 
core of the armature in the direction indicated by the diagonal 
line e, and the brushes, to be set on a line at right angles 
to the resultant field, must be placed on the line h d. 

808. Do the magnetic lines of force heat the field 
magnet? 

Not directly, but if the poles are not laminated, eddy cur- 
rents will be generated by the lines of force at those parts 
where the field is of greatest density, and these will tend 
to heat the pole tips which are diametrically opposite to 
each other. 

809. Does the resultant field of a motor change its direc- 
tion sufficiently during operation to necessitate a change 
in the position of the brushes? 

If the load on a motor fluctuates widely, the current through 
the armature will vary considerably, and the resultant fi^ld 
will change in direction. This may require a movement of 
the brushes to prevent sparking, but if the strength of the 
field produced by the magnets be made very powerful in 
comparison with that produced by the armature, the resultant 
field will change so little that no sparking will result from 
the usual variation in the armature current due to fiuctuating 
loads and the position of the brushes will not have to be 
changed. 

810. Is there any disadvantage in using very powerful 
field magnets? 

If the magnets be made very powerful, the weight of the 
motor will be much greater than if a weaker magnet were 
used, but the advantages gained by the use of a powerful 
field magnet more than offset the expense of the extra weight. 

811. Do hysteresis and eddy currents in the magnet 
poles affect the resultant magnetic field of a motor? 

Yes; they shift it slightly in the direction of rotation, so 
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that the brushes require less shifting from the exact mid-pole 
position in order to prevent sparking than if there were no 
hysteresis or eddy currents. 

8i2. Explain why the brushes of a motor should ordi- 
narily be set along a line at right angles to the resultant 
magnetic field to prevent sparking. 

Refer, for example, to the armature coil s, in Pig. 308, 
which is rising on the left while the armature is rotating in 
the direction of the arrow p. Current is passing through the 
coil s from the brush 6 as indicated by the other arrows. At 
the same time, the coil s has induced in it a counter electro- 



Fig. 308. — Illustrating Commutation in a Motor. 

motive force which opposes the flow of this current. In order 
to prevent sparking between the brush and the commutator 
when the bar connected to the coil s passes under the brush 
and the short-circuit of the coil is broken, this action must 
occur when the coil is .carrying a minimum current ; it must 
therefore occur when the coil is moving in a field which will 
be just strong enough to reverse the direction of the cur- 
rent in the coil without changing its value appreciably. If 
the bars connected to the coil pass under the brush when 
the coil is just leaving the magnetic field, as from the tip of 
the pole N in the diagram, this condition will be sufRciently 
well obtained and there will he little, if any, tendency to 
spark. 

813, How is the pull between the field magnet and the 
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armature, which causes the armature of a motor to revolve, 
measured? 

This pull, which is called the torque (pronounced ^^ tork ") 
of the motor, is measured in foot-pounds. It is the product 
of the radius of the armature by the magnetic pull at its 
circumference, the radius of the armature being measured in 
feet and the pull at the circumference of the armature in 
pounds. 

814. What is the formula for calculating the torque of 
a motor? 

Let HP = Horse-power which the motor is developing, 

8 = Speed of the armature in revolutions per minute, 
T = Torque in pounds at a radius of 1 foot, or the 
foot-pounds. 
Then 

5252 X HP 



T = 



S 



815. What is the torque exerted on the armature of a 
motor developing 50 horse-power, if its speed be 600 revo- 
lutions per minute? 

Substituting the known values of HP and 8 in the formula 
in Answer 814, the result is as follows : 

5252 X50 ^orrrr i. X 

^ = ^ = 437.7 foot-pounds. 

uUU 

816. How is the horse-power of a motor calculated when 
its speed and torque are known? 

By transposing the formula in Answer 814 as follows : 

5252 ' 
and using this transposition. 

817. Show the application of this formula to a motor 
running at 300 revolutions per minute and exerting a torque 
of 750 pound-feet. 

Substituting the respective values oi 8 =^ 300 and T = 750 
in the formula, in Answer 816, the result is 
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^„ 300 X 750 .^ Q , 

~ ^9^9 ~ horse-power. 

8i8. What is the formula for calculating the speed of 
a motqr when the horse-power and torque are known? 
Another transposition of the formula in Answer 814, thus : 

5252 X HP 



S = 



T 



819. Illustrate the application of the formula in An- 
swer 818, assuming a motor gives 10 horse-power with a 
torque of 100 foot-pounds. 

S = r^TTT — = 525.2 revolutions per minute. 

820. What relation exists between the torque and the 
current? 

Since the horse-power is proportional to the product of the 
voltage and current for which the motor is designed, and 
as the voltage is proportional to the speed, if volts X amperes 
be substituted for horse-power and volts for speed, with the 
proper multipliers, the resulting formula will show that the 
torque in any particular motor is always the same for a 
certain value of the current, whatever the speed may be. 

821. Explain Answer 820 more fully. 

One horse-power is equal to 746 watts ; therefore, volts X 
amperes ~ 746 = horse-power, or 

The voltage E is equal to the revolutions per minute X field 
strength X number of armature conductors -f- a number de- 
pending on the type of winding used, or by the use of sym- 
bols in the order given, 

8X ^ Xw 

^- K • 

Therefore, by transposition, 

„_ EXK 
Xw 
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E ^ I 
Dividing both sides of the equation HP = „.^ by 8 and 

on the right side substituting for 8 the value just found, 

HP _ EXIX ^ Xw 
S ~ U6XEXK ' 
Canceling out the two E% 

HP _ IX^ Xw 
S ~ U6XK ' 
Now the field strength ^, the number of wires w and the 
number K all remain fixed in an ordinary motor, so that 

HP 

-—5— is proportional to /, 

HP 

and as the torque varies exactly with — rj — , it also varies 

o 

directly with the armature current I, and is not aflfected by 
the speed alone. 

822. Mention some of the factors which limit the horse- 
power at which a direct-current motor can be rated. 

The speed of rotation, sparking at the commutator, and the 
heating of the parts ; in other words, the power of a motor to 
keep up to normal speed, to commutate well and to remain 
sufficiently cool in operation. 

CONSTANT-POTENTIAL MOTORS 

823. Are electric motors always supplied with power 
from a constant-potential source? 

No, electric power may be supplied to a motor either at a 
constant voltage or at a constant-current value. 

824. How does the regulation of speed compare in the 
two cases? 

With a constant-voltage supply, good regulation is com- 
paratively easy to obtain, while with a constant-current sup- 
ply a special regulator must be provided to prevent the speed 
from becoming excessive at light loads, as explained in 
Answer 850. 
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825. Do constant-potential motors have shunt-wound or 
series- wound fields? 

There are constant-potential shunt-wound motors, constant- 
potential series-wound motors and constant-potential com- 
pound-wound motors, but the first mentioned are in most 
common use. 

826. Are the armature and field currents constant in a 
constant-potential shunt-wound motor? 

If a constant voltage be maintained at the terminals of 
the motor, the current through the field-magnet coils will 
be constant after the coils have warmed up. The current 
through the armature, however, will vary in strength accord- 
ing to the load, its value being determined by the torque 
required to overcome the backward pull of the load. 

827. Are the armature and field currents constant in a 
constant-potential series-wound motor? 

No. The armature current of a series- wound motor varies 
according to the load requirements, and as the field winding 
is in series. with the armature, the current in that winding 
is the same as the current in the armature winding and there- 
fore varies. 

828. Does the current in a series-wound motor vary as 
much as that in a shunt- wound motor armature? 

Not with the same change in load. When the current in a 
series-wound motor increases, it strengthens the field and 
thereby increases the torque in addition to the increase due 
to the larger armature current. Therefore, a given increase 
in load demands less increase in current than in the arma- 
ture of a shunt-wound motor, the latter having a constant 
field strength. The series motor is thus, to a certain extent, 
automatically controlled according to the requirements, mak- 
ing it very nearly self -regulating as regards current. 

829. Is a shunt-wound motor self-regulating as regards 
current? 

It is self -regulating, but it does not vary the armature cur- 
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rent exactly in proportion to load changes, because the arma- 
ture current exerts a demagnetizing eflfect on the field magnet 
which weakens the field slightly when the armature current 
increases, and this decreases the torque. Consequently, the 
armature current must increase in slightly greater propor- 
tion than the increase in load. 

830. Does the speed of a shunt-wound motor vary 
greatly, when current is supplied at constant voltage? 

No ; the smallest motors vary as much as 10 per cent, from 
no load to full load, but motors of moderate and large sizes 
vary only from 2 to 4 per cent. 

831. Can such motors be made to operate at different 
speeds? 

Yes; constant-potential motors are made to run at widely 
diflferent speeds. 

832. Describe the usual methods of regulating the speed 
of a shunt-wound motor. 

Varying the field strength of a shunt motor is one of the 
most satisfactory ways of regulating its speed. Weakening 
the field strength reduces the counter electromotive force gen- 
erated in the armature, and this tends to increase the speed 
of rotation. The field of a shunt-wound motor may be weak- 
ened by introducing resistance in its circuit, either by hand or 
automatically, or by altering the ampere-turns in any other 
manner, and this is one means employed to obtain various 
speeds from a given machine. Another method of changing 
the speed consists in changing the applied electromotive force 
by varying the resistance in the field of the generator sup- 
plying the power. This method, in general, can be used only 
when there is one motor supplied by the generator, for if 
there are others the speeds of all will be changed. 

833. What effect upon the torque has the strengthening 
and weakening of a motor's field? 

With a constant armature current, the torque of a motor 
would be increased by strengthening the field, for the torque 
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is proportional to the product of the armature current, the 
number of armature conductors and the strength of the field. 
The stronger field, however, would increase the counter 
electromotive force for the same speed, and this would reduce 
the armature current. Under ordinary conditions it is found 
that if the field of a motor on a constant-potential circuit be 
strengthened, there will result a more than proportional de- 
crease of armature current. Consequently, within the limits 
of practical working, the torque of a motor is slightly in- 
creased by weakening the field. 

834. What, in general, governs the direction of rotation 
of direct-current motors? 

The relation between the direction of current flow in the 
armature conductors and the direction of the magnetic flux 
across the air gaps between the armature core and the field- 
magnet pole faces. With the field-magnet excitation un- 
changed, reversing the direction of the current through the 
armature will reverse the direction of rotation. If, instead 
of reversing the current in the armature circuit, the polarity 
of the field magnets be reversed and the current passed 
through the armature in the same direction as before, the 
rotation of the armature will be reversed. 

835. Can direct-current generators be operated as 
motors? 

They can, and in almost all cases without any radical 
change. With some special machines a slight change in the 
connection of the windings is necessary. 

836. How will a series-wound generator behave if run as 
a motor? 

If connected in circuit without any change in its own wir- 
ing, the armature will revolve in the opposite direction to that 
in which it would be driven as a generator. 

837. What is the reason for the chan|;e in direction 
noted in Answer 836? 

The counter-electromotive force developed in the armature 
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of a motor is always such as to oppose the flow of current 
through it. If the current passes through the windings of 
the machine in the same direction as when driven as a gen- 
erator, the polarity of the field will remain the same, and. 
the armature must therefore revolve in the opposite direction, 
running as a motor, in order that it may generate an electro- 
motive force which will oppose the flow of current. 

838. What will happen if the current be passed through 
the machine in the opposite direction to normal? 

The armature will revolve in the opposite direction to that 
when run as a generator, because the polarity of the field will 
be reversed and the armature current is also reversed. 

839. How can a series-wound generator be run as a 
motor in the same direction as when run as a generator? 

By reversing the connections leading to either the field 
winding or the brushes, thereby reversing the relation be- 
tween the polarity of the field and the flow of current in the 
armature winding. 

840. How does a shunt-wound generator behave i^hen 
run as a motor? 

It will run in the same direction as when driven as a gen- 
erator, because if the current passes through the armature in 
the same direction as before, it will be reversed in the field 
winding. 

841. Suppose the current be passed through the arma- 
ture in the opposite direction to that when running as a 
generator? 

Then the polarity of the field magnet will be the same as 
when running as a generator, and in order that the counter 
electromotive force in the armature may oppose that applied, 
the direction of rotation must remain the same as before. 

842. Why is tii'^ current through the shunt field winding 
reversed when the armature current remains unchanged, 
in changing from generator to motor? 

Reference to Figs. 309 and 310 will make this clear. In 
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the former diagram the machine is represented as a gener- 
ator, and the current leaving its positive brush divides, part 
going to the outer circuit and a small part through the shunt 
field winding in the direction indicated by the arrow /. 
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Fig. 309. — Direction of Current Flow in Shunt-Wound Machine op- 
erating as a Generator. 

In Fig. 310 the machine is operating as a motor '^-'^ ' ^'> 
the armature receives current from the line inst'^ o^ 
plying it, the leads b and c must be transposed in order to 




Fig. 310. — Direction of Current Flow in Shunt-Wound Machine op- 
erating as a Motor. 

have the current go through the armature in the same direc- 
tion as before. The current from the positive main wire fol- 
lows the lead c to the brush and divides there, most of it 
going through the armature and a little through the shunt 
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field winding. The polarities of the brushes are reversed by 
the transposition of the leads b and c, and consequently the 
direction of flow through the field winding is reversed. 

843. As the current passes through the armature the 
same way in both generator and motor, why are the polari- 
ties of the brushes reversed? 

Because in the one case the brushes deliver power, and in 
the other they receive it. The positive terminal of any source 
of power is that from which the current passes outward ; the 
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Fig. 311. — Diagram illustrating Relative Polarities of Supply and 
Receiving Apparatus. 

positive terminal of any power-receiving circuit or apparatus 
is that at which current enters. 

844. Can the change in polarity of the brushes men- 
tioned in 843 be shown by a diagram? 

Yes; Fig. 311 illustrates it clearly. Here E is any source 
of electricity, such as a generator or battery. To the line 
which it supplies are connected a motor M and a group of 
lamps L. Consideration of this diagram will make it clear 
that polarity is determined by the source of the current, the 
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** out-going " terminal being positive and the ^* entering " 
terminal negative. 

845. What are the comparative advantages and disad- 
vantages of series- and shunt- wound motors? 

The field winding of a series-wound motor consists of a 
comparatively few turns of large wire ; the field winding of a 
shunt-wound motor consists of a great many turns of small 
wire. Series-field coils are therefore easier to wind and less 
expensive to insulate than shunt coils, and the wire in the 
former costs less per pound ; this construction is therefore less 
expensive. Series-wound motors are more easily started, espe- 
cially under heavy loads. When supplied with current at 
constant potential, as in the case of electric-railway motors, 
the speed of a series- wound motor varies inversely as the load. 
Special provision is therefore necessary to control the speed. 

Shunt-wound motors supplied with current at constant 
potential are very nearly self-regulating for variations of load. 
They may, therefore, be left largely to care for themselves 
between starts and stops, with only an occasional inspection 
of bearings and brushes. On the other hand, their speed can- 
not be varied through a very wide range without special 
construction or considerable loss, and they will not start 
under heavy loads as readily as series-wound motors. If the 
current supply to a shunt-wound motor be stopped, and the 
motor be left connected to the supply circuit, it is more liable 
to be burnt out when the current is restored than a series- 
wound motor would in starting itself automatically. 

846. For what class of work is a series motor adapted? 
It is suitable for work that requires a large starting torque 

and considerable variation in speed as in street cars, pumps, 
fans, etc., and where there is no danger of the load being 
removed or a belt slipping oflf; also where the potential of 
the supply circuit is subject to large and sudden changes. 
Some other applications are conveyor tables, where there is 
continuous heavy friction, reversing and intermittent ; in crane 
hoists, for the trolley and bridge ; draw bench, reversing ; ore 
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unloaders; and in roll mills for the feed tables and screw 
down. They require constant attention for speed regulation, 
unless the load is constant or nearly so. 

847. For what class of work is a shunt motor adapted? 
It is adapted to work where there is a varying load that 

requires constant speed, as in a boring mill ; for driving cen- 
trifugal blowers, centrifugal pumps, drill presses, hydraulic 
presses, lathes, pipe threaders, adjustable speed planers with 
shifting belt, reciprocating pumps, shapers and adjustable 
speed slotters ; in fact, for driving most all kinds of machine 
tools and mill machinery. Shunt motors are self -regulating 
and may be left to operate without constant attention. 

848. For what class of work is a compound motor 
adapted? 

It is suitable for purposes requiring an increase of speed 
with decrease of load. Unlike the series motor, it will not 
race if unloaded, and is adapted for work where there are 
sudden heavy overloads, as in rolling mills for the feed tables : 
shunt and heavy series ; centrifugal pumps and blowers : light 
series and shunt; conveyor tables (continuous light friction) : 
shunt and light series; conveyor tables (continuous heavy 
friction): shunt and heavy series; draw bench (continuous 
chain) : shunt and light series ; draw bench (reversing) : shunt 
and heavy series ; pipe welding : shunt and light series ; planer 
(constant speed) : shunt and light series ; reciprocating pump : 
light series and shunt; saw: shunt and light series; shear: 
shunt and heavy series; slotter (constant speed) : shunt and 
light Series; straightener : shunt and light series. 

Unless constant speed is required, compound motors are 
especially adapted for handling fluctuating loads. The shunt 
winding keeps the speed within reasonable limits and pre- 
vents the motor from racing at no load; the series winding 
strengthens the field so as to give powerful torque without 
If the voltage and the load are constant, a compound motor 
will run at constant speed; and as such a motor will start 
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a given load with less current than is required by a shunt 
motor, compound motors can be used to advantage in many 
places for constant loads. If the voltage fluctuates, com- 
pound motors will run more steadily and give better results 
than shunt motors, as for example in operating stationary 
motors on street railway circuits. 

CONSTANT-CURRENT MOTORS 

849. How are constant-current motors used? 

Very few are in use, because constant-potential motors are 
so much more satisfactory. Constant-current motors are usu- 
ally series-wound and operated on an arc-light circuit, which 
is the only kind of constant-current circuit in this country. 
No starting rheostat is required, because the current through 
the motor cannot be greater at the start than when the motor 
is running regularly, the current throughout the whole cir- 
cuit being kept constant by the generator. 

850. What effect has the load of a constant-current 
motor upon its speed? 

A series-wound constant-current motor increases its speed 
as the load decreases, and if the load is reduced considerably 
the speed will reach a dangerous rate. It is for this reason 
that such a motor cannot be operated without a governor to 
control its speed. 

851. Cannot a constant-current series- wound motor be 
made self-regulating? 

No. Since the current is constant in both the field winding 
and the armature, the torque is constant regardless of speed, 
and the least reduction in the external load reduces the 
resistance to the constant torque, allowing the armature to 
run away. The speed will increase rapidly until the armature 
bursts from centrifugal force. 

852. What other characteristics have constant-current 
series- wound motors? 

Weakening the field of a constant-current series motor re- 
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duces the power given out, and also reduces the speed if the 
load is unaltered. The strength of the field may be easily 
varied by shunting the series field winding with an adjustable 
resistance. With a load much above normal the series-wound 
constant-current motor will not start, but if started with 
slightly less than full load it will race until the losses due 
to friction and eddy currents increase the load sufficiently to 
prevent further increase in speed. The armature of a motor 
working on a constant-current circuit will not run hot when 
overloaded because the current remains constant, and there- 
fore the heat which it produces remains constant. 

853. How should a constant-current motor be stopped? 
By first * * bypassing ' ' or shunting the main circuit around 

the entire machine, and then entirely disconnecting both of 
its leads from the supply circuit. 

WORKING VALUES OF DIRECT-CURRENT 

MOTORS 

854. What effect has the internal heating of a motor 
upon its efficiency and output? 

Only a portion of the electrical energy supplied to a motor 
is converted into useful mechanical work, part being spent in 
heating the armature conductors and field-magnet winding 
and part in iron losses. Therefore, the heating of the wind- 
ings reduces the eflBciency. Since the heating is proportional 
to the square of the current in the windings and the output 
is proportional to the current in the armature, any increase 
in load produces an increase in armature heating equal to 
the square of the increase in load ; there is a limit, therefore, 
beyond which the load cannot be increased without causing 
unsafe heating. 

855. What relation exists between the speed of a motor 
and the work performed? 

When a motor is running with constant field excitation and 
constant armature current, the work done is proportional to 
the speed. With constant field excitation and constant supply 
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potential, there is no simple direct relation between speed 
and work except that as the output increases the speed de- 
creases slightly owing to the increased voltage drop in the 
armature, which reduces the counter electromotive force 

required. 

« 

856. Explain the difference between the total power 
and the net power of a motor. 

The total power is directly proportional to the product of 
the armature current and the counter electromotive force. 
The net power delivered is the total power minus the loss 
in friction at the brushes and bearings, the loss in friction of 
the moving parts against the air and the losses in the iron 
parts of the motor, such as the armature core. 

857. How is the power or output of a motor determined 
experimentally ? 

The simplest method is by applying a Prony brake to the 
pulley of the motor, supplying the motor with its normal full- 
load current and voltage, and noting the number of foot- 
pounds registered by the brake when the motor is running 
at its rated speed. If the number of foot-pounds thus found 
be substituted for T in the formula given in Answer 816, 
which is 

5252 ' 
and the speed of the armature in revolutions per minute be 
substituted for S, then the horse-power HP may be easily 
calculated. 

858. How is the input of a motor determined experi- 
mentally? 

By measuring the voltage across its terminals and the total 
current delivered to it. The product of the two will give 
the input in watts. It may be expressed in horse-power by 
dividing by 746, or in kilowatts by dividing by 1000. 

859. How is the efficiency of a motor found? 

By dividing the output by the input ; that is, dividing the 
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mechanical power developed by the electrical power applied, 
both quantities being expressed in the same terms. Thus, if 
the one is expressed in horse-power, the other must also be 
in horse-power. 

860. What is an average value for the full-load efficiency 
of a motor of moderate size? 

About 85 per cent. In other words, such a motor working 
at full load converts^ into mechanical power, available for use, 
about 85 per cent, of the electrical power supplied to it. 

861. What becomes of thie remaining 15 per cent, of 
electrical power supplied to the motor? 

It is used up in overcoming the friction, the armature-core 
losses, and heating the armature and field-magnet windings. 

862. How may the friction and iron core losses be de- 
termined? 

The simplest method is to let the motor run without any 
load — unbelted — measure the voltage at the brushes and the 
current through the armature alone. Multiply the current 
by the resistance of the armature circuit and subtract the 
result from the voltage at the brushes ; the result will be the 
counter electromotive force. Multiply this by the armature 
current and the result will be the watts used up by friction 
and armature iron core losses. 

863. How is the power lost in heating the armature 
windingf at full load found? 

By multiplying the square of the armature current at full 
load by the resistance of the armature circuit in ohms. The 
result will be the watts lost. Dividing this by 746 will give 
the horse-power lost. 

864. How is the power lost in heating the iield-magnet 
winding found? 

Either by multiplying the square of the field current by the 
resistance of the field winding, or by multiplying the field- 
winding current by the voltage at the field terminals. The 
result will be in watts. 
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865. Show by means of a diagram how the losses in a 
shunt motor vary with the load. 

Fig. 312 shows the variation of these losses in a 15-horse- 
power direct-current shunt motor working on a constant- 
potential circuit. The field-winding current and the speed being 
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Fig. 312. — Diagram showing Distribution of Losses in a 15 Horse- 
Power Direct-Current Shunt Motor on Constant-Potential Circuit. 



constant at all loads, the losses due to the resistance of the field 
winding, the friction of the moving parts and the armature- 
core loss are practically the same for all loads. The arma- 
ture current, however, will vary as the load changes and this 
causes the armature-winding loss to vary as shown. The 
scales at the side of the diagram give in watts, and the equiva- 
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lent horse-power, the electrical power supplied to the motor. 
The scales at the bottom give in the same terms the output of 
the motor. 

866. How much electrical power must be given the 
motor represented by the diagram in Fig. 312 to make it 
give 4 horse-power? :'•'•:•'„• 

Follow the straight line from the 4 horse-powei'-pDint 'e.tXhe 
base of the diagram up to the slanting line and ih^n follow : - v 
at right angles a line to the side scale, where* il "will* be'seed - - - 
that the necessary electrical power for this case must be 4000 
watts, or about 5.4 horse-power. 

867. What is the electrical efficiency of a motor? 

The electrical efficiency is the ratio of the total power 
developed by the motor (not the net power delivered by it) 
to the total power supplied it. 

868. How does the commercial efficiency of a motor 
vary with the load? 

The commercial efficiency decreases as the load decreases. 
This may be seen from Fig. 312, for at 13.5 horse-power it is 
13.5 ~ 15.4 = 88 per cent., and at 4 horse-power it is 4 -f- 5.4 
= 74 per cent. 

INSTALLATION, WIRING AND OPERATION 

869. What general considerations should govern the in- 
stallation of a motor? 

It should be located, whenever possible, in a clean, dry, well- 
ventilated place, free from dust and liability to injury, and 
it should be readily accessible for examination and adjustment. 

Care should be taken to avoid injury to the motor through 
neglect or rough handling in unpacking it. Be sure that all 
accessories, such as pulley, keys, base, rails, rheostat, etc., are 
removed from the packing boxes. 

The base or slide rails should be firmly secured to a rigid 
foundation, wall or ceiling, as the case may be. The ma- 
chine may then be attached to the base or slide rails, care 



502 



ELECTRICAL CATECHISM 



being taken to set the machine so that the armature shaft is 
level. Machines should never be installed on foundations 
which vibrate excessively. 

870. How should the motor be wired in circuit? 
In accordance with the diagram of connections accompany- 
ing .the machine, or if such a diagram is not furnished, in 
accordaawe with the general arrangement shown respectively 
: inPigs.:3J.3,'314 and 315 for shunt-, series- and compound- 
' wound •■motors: 
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Fig. 313.— Wiring for Shunt Motor and Starting Rheostat. 

871. For which direction of rotation is a motor usually 
arranged when leaving the factory? 

Unless otherwise specified, motors are usually tested and 
connected for a left-hand direction of rotation ; that is, when 
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Armature 

Fig. 314. — Wiring for Series Motor and Starting Rheostat. 

facing the machine at the commutator end the top of the 
armature will turn toward the left. An arrow indicating the 
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direction of rotation is generally painted on the machine at 
the commutator end. 

872. What preliminaries should be observed before 
starting up a motor for the first time? 

Slowly turn the armature over a few times by hand to 
make sure that it does not rub or bind, and is perfectly free 
to revolve. See that the machine throughout is free from 
dirt or foreign matter, and is properly lined up so that if a 
belt is used it runs in the middle of the pulley. Check up 
the connections of the motor and its starting rheostat with a 
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Fig. 315. — Wiring for Compound Motor and Starting Rheostat. 

wiring diagram for the case in hand. Pill the bearings with 
high-grade dynamo oil until the oil gages show that thef 
proper amount of oil has been introduced. Make sure that 
the oil rings properly carry the. oil over the bearing surfaces 
when the armature is turned. 

The brushes should be given the proper pressure on the 
commutator, — about 1^ pounds per square inch of contact 
surface. This should be determined by means of an ordinary 
spring balance, as illustrated and described in Answer 252. The 
following table will be found useful in determining the approxi- 
mate pressure that should be given the brushes on the com- 
mutator for various sizes of brushes : 

For brushes 1 inch or less wide, about i pound. ' 

For brushes 1^ inches wide, about 1 pound. 
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For brushes 1^ inches wide, about 1^ pounds. 
For brushes 2^ inches wide, about 2^ pounds. 
For brushes 2 inches and over, 3 pounds. 

873. What directions should be followed in securing the 
proper position of the brushes on the commutator? 

Motors vary considerably in regard to the position in which 
their brushes must be placed for the best results. In bipolar 
motors or motors arranged for rotation in either direction, the 
position of the brushes should be midway between the pole 
pieces. 

In multipolar machines, a punch mark is generally placed 
on the rocker arm and two punch marks on, the bearing nose. 
If the motor is to run with a left-hand rotation, the punch 
mark on the rocker should be over^the right-hand punch mark 
on the bearing nose, and with a right-hand rotation over the 
left-hand punch mark. Reversible motors have only one 
punch mark on the bearing, the brushes being set centrally, 
and these motors should run equally well in either direction 
without changing the position of the brushes. 

874. If there are no punch marks, how should the 
brushes be placed? 

The brushes should be placed midway between the centers 
of the pole faces, and then shifted backward to prevent spark- 
ing as explained in Answer 806, a distance of J inch to an 
inch or more, depending upon the size of the motor. 

In bipolar machines there are always two studs or sets of 
brushes and these must be placed exactly 180 degrees apart. 
In multipolar machines there are usually as many sets of 
brushes as there are pole pieces. By a series connection or by 
a cross connection of the armature winding the number of 
sets of brushes may be reduced to two and these in a four- 
pole motor should be set 90 degrees apart, in a six-pole motor 
60 degrees apart, in an eight-pole motor 45 degrees apart, 
in a ten-pole motor 36 degrees apart and in a twelve-pole 
motor 90 degrees apart. 
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875. How should a shunt motor be started for the first 
time? 

Throw off the belt, close the circuit breaker, if there is one, 
and then close the main switch, having first made sure that 
the starting rheostat handle is in the ** off '' position. The 
motor should have a strong field before current is passed 
through its armature ;. otherwise, the low torque will delay 
acceleration and, consequently, the building up of the counter 
electromotive force, and the prolonged passage of the starting 
current might damage the armature winding. To guard still 
further against an injurious armature current, it is custom- 
ary in starting all but the smallest motors to use a starting 
rheostat, as mentioned, connected in series with the armature 
and the source of supply. In very small motors this precau- 
tion is not necessary on account of the comparatively high 
resistance of their armatures, but these are special cases. 

Now start the motor by moving the rheostat handle to the 
first contact, hold it there a moment and slowly pass to each 
successive contact until all resistance is cut out. Give the 
motor time to speed up before passing from one contact to 
another. Allow the motor to run without load for a time 
to make sure that it is in proper working order. If the ma- 
chine operates at a speed higher than that on the nameplate, 
or does not appear to be working properly, turn off the cur- 
rent by opening the main switch. Do not continue to run the 
motor without locating and remedying the trouble. When 
the armature has attained full speed, see that the oil rings 
revolve properly and that they supply the journals with oil, 
as otherwise the bearings will run hot. Feel all joints and con- 
nections. If any one is warmer than the others, the connec- 
tion is imperfect and should be tightened. 

Care should be taken that the shunt-field circuit of a self- 
excited or separately-excited shunt motor is not opened during 
the operation of the motor, else the armature will tend to run 
away if lightly loaded, and flash over if heavily loaded. If 
the shunt-field circuit is opened when carrying current and 
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the motor is not operating, there is danger of the field coils 
being punctured. If it is necessary, therefore, to break the 
field circuit, it should be done slowly, allowing the arc formed 
to die out gradually. 

876. What important points should be observed in op- 
erating a shunt motor after it is started? 

It sometimes happens, through accident to the generator, 
that the current' supply to a motor is stopped for a time. In 
such an event, if the motor is left directly connected to the 
supply circuit, a sufiiciently strong current may rush through 
its armature winding when the generator is again started, to 
damage it. Then, too, should the shunt field circuit of the 
motor be accidentally opened while the motor is in operation, 
the counter electromotive force would cease and the full volt- 
age of the circuit would be applied unimpeded to the arma- 
ture. If the supply circuit were not immediately opened, 
the winding of the armature would probably be burned. To 
guard against such accidents, a starting rheostat, such as de- 
scribed in Answer 725, should be selected which is provided 
with mechanism that will operate, under the conditions men- 
tioned, to protect the motor. 

877. How should a series-wound motor on a constant- 
potential circuit be started? 

A starting rheostat must be connected in series between the 
machine and the supply circuit to prevent too great a rush 
of current in starting. The series-wound motor on a constant- 
potential circuit does not have a coiistant field strength and 
does not run at constant speed, like a shunt-wound motor. 
If the load is taken off entirely, its speed may beconie so high 
as to cause the armature to destroy itself. The series motor 
should, therefore, always be started and operated with a con- 
siderable load. 

878. If the motor fails to start when the rheostat arm 
is turned to the first few contacts, what should be done? 

If the motor fails to start, it may be due to being improp- 
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erly connected, or if the connections are correct and secure, 
there may not be voltage in the supply wires. If the field 
circuit of a shunt-wound motor is properly connected, the 
pole pieces should be strongly magnetic when the main switch 
is closed. They can be tested by holding a piece of iron 
near them and noting the attraction. With an iron long 
enough to bridge the gap between poles and one end touching 
a pole face, the other end of the iron should be strongly 
attracted to the adjacent pole. If this is not the case be- 
tween any two poles of the motor, the field coils are not prop- 
erly connected. 

879. What is the test for voltage in the supply wires? 

Connect a voltmeter across them and see if there is a deflec- 
tion of the pointer. If a voltmeter is not at hand and the 
current is normally supplied at 220 volts, connect two ordi- 
nary incandescent lamps in series and then connect them tem- 
porarily across the supply wires. If they light, the voltage 
supply is all right ; if they do not light and their filaments are 
not broken, there is no voltage in the supply wires or the volt- 
age is much too low. On a 500- volt circuit five lamps must be 
used in series instead of two. 

880. On a three-wire system is it not possible for lamps 
to burn properly but the conditions of the circuit be such 
as to prevent the running of a motor? 

Yes.. If one of the two generators supplying the system 
becomes reversed, both the outside wires of the supply circuit 
will be of the same polarity. Although lamps connected be- 
tween either outside wire and the center wire of the system 
will light, a motor connected to the outside wires of the sys- 
tem will not run. 

881. Are there any other misleading conditions of a 
similar nature on a three- wire system? 

Yes. One of the outside wires of a three-wire system. Fig. 
316, may be open at x, and yet a motor c connected beyond the 
break may get current at 110 volts through the lamps I con- 
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nected between the outside wire on the same side as the break 
and the center wire. A 220-volt motor operating in this way 
will not be able to run anywhere near full speed, owing to the 
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Fig. 316. — Diagram showing how a Motor may operate under Mis- 
leading Conditions on a Three- Wire System. 

supply voltage being 110 instead of 220, and the resistance of 
the lamps I being in series with it. 

The center wire d of a three-wire system may be open and 
yet not affect the operation of a motor at c, because the motor 
is connected to the outside wires only. 

882. If it is suspected that friction trouble is preventing 
the motor from starting, what should be done? 

The cause of the friction should be ascertained and removed 
before an attempt is made to run the motor. In starting up 
a motor after a trouble of this kind, it is advisable to switch 
on the current just long enough to see if the trouble has been 
entirely removed before leaving it on permanently. 

883. How should the motor be shut down? 

Open the circuit breaker or main switch, allowing the ma- 
chine to slow down of its own accord. Never stop a motor 
by releasing the lever of the starting rheostat, as this would 
burn the contacts on the rheostat and might puncture the 
insulation of the field and armature coils. 

884. May the load now be placed on the motor? 

The motor, if new, should be allowed to run without load 
for a day or two so the bearings and brushes may conform 
themselves to actual working conditions. When ready for 
the load, place the belt on the pulley and start the motor as 
before, closely watching the machine and everything con- 
nected with it so as to be ready to open the main switch or 
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circuit breaker the instant there appears to be anything 
wrong. 

When load is first thrown on a machine an ammeter should 
be in circuit for the purpose of ascertaining whether the ma- 
chine is operating at its proper load, for if it is overloaded 
trouble may be experienced. The correct normal load in 
amperes is stamped on the name-plate mounted on the field 
frame. 

885. What are the indications if the motor will not 
start on account of too heavy a load? 

The fuses melt or the circuit breaker operates ; an ammeter 
connected in circuit with the motor indicates a larger cur- 
rent than that required by the motor at full load; the insu- 
lation on the armature begins to smoke. An overload on a 
series-wound motor does no harm, as the motor will start up 
as soon as the load is reduced. On a shunt-wound motor, 
however, an overload is a more serious matter because the 
armature is liable to burn out. 

886. What should be done when it is found that the 
motor will not start by reason of too much load? 

The main switch should be opened at once and the load 
reduced. If the fuses have melted, they must be replaced with 
new ones, or if the circuit breaker has opened it must be 
closed, before closing the main switch preparatory to start- 
ing up imder a smaller load. 

887. Mention any general precautions that should be 
observed after the load is placed on the motor. 

Inspect the motor frequently for the first few days, to guard 
against hot bearings, loose connections, etc. Keep all parts 
of the machine free from water, carbon dust and dirt of all 
kinds. Keep bearings properly filled with oil, and see that 
they do not leak or throw oil; also see that the oil does not 
overflow into the machine. Use every precaution to prevent 
oil from reaching the commutator or the armature windings. 
At first, the oil in the bearings should be changed once a 
week; later, two or three times a month. 
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Cleanliness is particularly essential, both inside and out- 
side the machine. A hand bellows is convenient for blowing 
out dust, etc., froni the inside of the machine, and an oily 
cloth for wiping dust, etc., from the outside. Cover the ma- 
chine when not running, to protect it from dust. 

888. What troubles are most liable to arise in the op- 
eration of a direct-current motor? 

Sparking, heating, noise and abnormal speed. 

SPARKING 

889. In which parts of the machine does the sparking 
usually occur? 

At the commutator. 

890. What are the usual causes of sparking at the com- 
mutator? 

(1) The armature may be carrying too large a current, 
owing to an overload on the machine, or to friction such as 
that caused by the armature shaft not turning freely, or the 
armature striking the pole pieces. A coil in the armature 
may be short-circuited or reversed, or there may be an open 
circuit in the armature. Too little resistance in the starting 
rheostat will cause sparking. If the armature or the pulley 
is not perfectly balanced, there will be vibrations of the ma- 
chine which may produce sparking. 

(2) The brushes may make poor contact with the commu- 
tator, they may have too high resistance, or they may not be 
at the neutral points. 

(3) The commutator may be rough,. not perfectly round, or 
may have some high bars in it. 

(4) The field magnets may not be fully excited, or one pole 
may be stronger magnetically than another. 

891. How can one tell whether the sparking is caused 
by an overload on the armature? 

In case of a belted motor the tension side of the belt be- 
comes very tight, and the belt sometimes squeaks owing to its 



DIRECT-CURRENT MOTORS 511 

slipping on the pulley. In either a belted or direct-connected 
motor an overload causes overheating of the armature, and 
this latter may be detected without stopping the machine; 
simply hold the hand in the current of air caused by the 
rotation of the armature and note the temperature by the 
sense of feeling. 

To determine whether the overload is friction within the 
machine, stop the motor, and while turning the armature 
slowly by hand notice if it turns hard at a certain part of 
each revolution. If it turns hard there is some sort of me- 
chanical obstruction within the machine; if it does not turn 
hard, the trouble, if an overload, is either a too tight belt 
or trying to accomplish too much work with the motor ca- 
pacity available. 

892. What are the symptoms caused by a short- 
circuited coil in the armature? 

A short-circuited armature coil becomes much warmer than 
the others while the machine is in operation and is very liable 
to be burned out. The motor draws more current than usual, 
and if the armature be felt when the machine is first shut 
down, the short-circuited coil can usually be located by reason 
of its higher temperature. 

893. How should trouble due to a short-circuited arma- 
ture coil be remedied? 

By removing the short-circuit. A piece of metal between 
the commutator bars or between their connections with the 
armature winding is usually the cause, in which case it is 
easily remedied. If, however, the trouble is in the coil, the 
defective coil will probably have to be replaced by a new one. 

Generally, the condition of a coil will readily indicate 
whether repairing or a removal is necessary. When a coil 
in a low- voltage machine has become injured through care- 
less handling, it may be possible to repair the damage by sepa- 
rating the wires properly and applying a coat of shellac or 
some good insulating compound. Even in motors of higher 
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voltage it is often possible in this manner to remove a small 
trouble without replacing the coil. 

894. Describe how to remove an armature coil. 

If a coil is entirely burned out, it may be easily removed 
by cutting it in two, but this should not be done unless it is 
certain that no part of it can be used again. Formed coils 
cannot be used a second time if a part of them is cut out. 
When, however, an accident happens to a hand-wound coil, 
the good wire in it may, by taking it off, be used again. 

895. Is it not advisable to keep a supply of wire on hand 
in the station for replacing damaged coils? 

It is important always to have in the station the proper 
wire for such coils as may be wound by hand on the armature 
or on the field coils. A sufficient amount of it to wind at least 
one or two coils should be provided. When a motor is built 
up of formed coils, there should always be within reach several 
coils of the different kinds that may be needed. Besides these 
should also be provided the shellac, oil, tape and whatever 
other materials may be necessary in repairing any particular 
machine. 

896. Explain how to replace an armature coil. 

The manner of replacing coils depends altogether on their 
construction and the type of the machine in question. When 
a coil is to be wound on by hand, care must be taken to notice 
how the old coil was wound on and connected, and the new 
one must be put on in the same manner. 

897. What are the symptoms of a reversed coil in the 
armature? 

The motor draws more current than usual, but the reversed 
coil is no warmer than the other coils. To test for a reversed 
armature coil, stop the motor and pass a direct current in 
the same direction through each of the armature coils in 
succession by connecting the source of the testing current with 
adjacent commutator bars. Hold a compass needle over the 
coil undergoing test, and when applied to a reversed coil 
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the needle will point in the opposite direction to that when 
applied to the other coils. 

898. State how trouble due to a reversed armature coil 
should be remedied. 

By changing the terminal connections of the reversed coil 
so that they correspond to those of the other coils. 

899. How is it possible to know whether sparking is 
caused by too little resistance in the starting rheostat? 

If there is sparking from this source, it will occur only in 
starting up the motor. The motor will also start suddenly. 

900. What should be done to determine whether a motor 
has a poorly balanced armature or pulley? 

A poorly balanced armature or pulley usually causes vibra- 
tions of a stronger and more thoroughly distributed nature 
than those due to other causes and the vibrations increase 
with the speed of rotation, so that the trouble may be recog- 
nized in this way. If the indications point to the armature, 
the pulley, or both armature and pulley being unbalanced, 
they should be removed from the machine and tested sepa- 
rately, as described in Answer 967. 

901. How can a poorly balanced armature or pulley be 
remedied? 

As explained in Answer 967. 

902. What precautions should be taken in. removing the 
armature from a motor to avoid injury to the armature 
coils and commutator? 

After taking off the pulley and unscrewing and removing 
the top caps from both bearings, a rope should be looped 
around both ends of the armature shaft as shown in Fig. 317. 
As soon as the armature has been lifted out from the frame 
sufficiently far to permit it, a wooden strut should be used as 
shown in Fig. 318 at s to keep the rope from pressing upon 
the armature coils. 

The armature should never be laid on the bare floor ; a heavy 
pad of carpet, burlap or canvas should be used. Care should 
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be taken not to rest the weight of the armature on the eom- 
mutator bars. In replacing the armature in the frame, if it be 
necessary to rest it upon the pole pieces, a sheet of thin fiber 
or press board should be placed between the armature and pole 
pieces as in Fig. 319 to prevent injury to the windings of the 
armature. Precaution is also necessary not to scratch that 
part of the shaft which is to go in the bearings, as this will 



Fig. 317. — ^Removing the Annature. 
cause cutting and heating. In motors of small size the 
removal of the armature is, of course, a much simpler matter, 
as it can then be lifted by hand. 

903. If it is important that the motor be not shut down, 
can sparking due to vibrations of the machine be reduced 
temporarily? 

It can be partially overcome by giving more tension to the 
brushes so they press more firmly upon the commutator. This, 
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however, is liable to develop considerable heat, both in the 
brushes and commutator, and should be resorted to only in 
eases of emergency. It may be found that the vibrations are 
due to an unstable base or foundation, in which case the trou- 
ble may be overcome without much difficulty. 

904. Is there not always some sparking at the commu- 
tator of direct-current motors? 

There is usually some sparking in all machines provided 
with commutators, but it is nevertheless a feature to be care- 



Fig. 318, — A Wooden Strut keeps the Rope away from Armature 
WindiDga. 

fully watched and reduced to a minimum, inasmuch as it tends 
to destroy the brushes and commutator, causes trouble in the 
regulation of the machine and produces heat in the parts at 
which it occurs. A motor in perfect working condition should 
run without any sparking. 

905. If the sparking is due to the brushes, How should 
it be remedied? 

If the brushes do not conform to the curvature of the com- 
mutator, or are not smooth, a strip of coarse sandpaper should 
be wrapped face outward once around the commutator, allow- 
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ing it to lap a couple of inches over the first turn. By slowly 
turning the armature while the brushes are thus pressing on 
the sandpaper around the commutator, the contact surface of 
the brushes will be given the desired curvature. Then remove 
the coarse sandpaper and give each brush the necessary 
smoothness by drawing back and forth under it a short strip 
of fine sandpaper, keeping the back of the sandpaper through- 



out its length close against the surface of the commutator. 
Use a bellows to blow out the carbon dust from the commu- 
tator, brushes and brush holders, and adjust the tension spring 
of the brush holders so the brushes are given the proper pres- 
sure upon the commutator as explained in Answer 872. 

Oil is sometimes applied to the commutator for the purpose 
of reducing the noise or chattering of the brushes and when 
much of it has been applied the brushes become sticky and 
readily collect dirt on their contact surface, producing spark- 
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ing. They should then be cleaned by a cloth moistened in oil 
or benzine. 

906. Is there any simple way of ascertaining whether 
sparking is caused by brushes of too high resistance? 

Yes, this may be detected by the abnormally high tempera- 
ture of the brushes. Such brushes should be replaced by 
others having a lower resistance. 

907. How is one to know if the brushes are at the neutral 
points? 

If there is sparking, and by shifting the brushes slightly 
around the commutator by means of the rocker arm the spark- 
ing is decreased, it proves that the brushes were not at the 
neutral points. In case, however, the brushes are not spaced 
as explained in Answer 874, no amount of shifting will place 
them at the neutral points. They must then be readjusted 
before satisfactory results can be secured. 

908. What causes the commutator to become rough or 
uneven? 

Unless there is some end play to the armature shaft, allowing 
it to move in and out in accordance with the motion imparted 
to it by the belt, the brushes will bear continuously on the 
same portion of the commutator and will in time cause it to 
become grooved and roughened. Hard particles in the carbon 
brushes will scratch the commutator. And it may be that 
the commutator has been turned out of the shop in a rough 
state. 

Sometimes one or more bars in the commutator are of softer 
metal than the others and, by wearing sooner, cause the com- 
mutator to become flattened or eccentric. There will then be 
a gap between the brushes and the commutator at this point, 
resulting in sparking. 

A high bar in the commutator, or a projecting strip of mica 
between the bars, which on account of its hardness does not 
wear down as quickly as the bars, will throw the brushes oflE 
the surface of the commutator during the rotation of the latter, 
and this will cause sparking. 
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909. What is the best guide with reference to the con- 
dition of the commutator and brushes? 

The appearance of the commutator. If there is perfect con- 
tact between the brushes and commutator, the surface of the 
latter will take on a glossy brown or bronze appearance. A 
rough commutator, however, will generally announce itself 
by causing the brushes to make a chattering noise; this is 
particularly the case in high-speed motors. With an uneven 
commutator there will be a noticeable rising and falling of the 
brushes when the armature is rotating slowly. 

910. What precautions should be observed to keep the 
commutator in good condition? 

Wipe its surface occasionally with a soft cloth or piece of 
waste to remove accumulations of dust. Dust is a direct cause 
of poor contact between brushes and commutator ; it is there- 
fore responsible for much of the sparking, roughness and heat- 
ing of a commutator. After removing the dust from the 
commutator, it is advisable to place a few drops of good ma- 
chine oil or vaseline on a clean portion of the wiping cloth, 
and while the commutator is in motion, move the cloth slowly 
across it so the oil will spread lightly over its entire surface. 

911. If the commutator is rough, how should it be 
smoothed? 

Place a piece of fine sandpaper in a block of wood which 
has been hollowed out to fit the curvature of the commutator 
and press it against the commutator while the armature is in 
motion. If the commutator is very rough or unevenly worn, 
sandpaper does very little good. It is then necessary to use 
a file. 

912. Explain how to use a file in smoothing the com- 
mutator. 

The grade of the file used should depend on the work to 
be done, but it must be one that is least liable to be clogged 
by the copper. Oil must be used freely to avoid heating 
and choking, and to make the file cut well. The commutator 
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must not revolve too rapidly and the file must be held prop- 
erly. The hand which holds the file from slipping should be 
in a position where the commutator tends to pull rather than 
push the file. Failure to observe this rule may result in seri- 
ous injury to the hand, or in a, piece gouged out of the 
commutator. 

To make a file safer and more serviceable for this work, 
a file rest should be provided. Without a file rest it is im- 
possible to file the commutator surface level from end to end, 
and the flat places will not be taken out but made larger; 
there is also more danger and difficulty in doing the work. 
Where there are several motors just alike, one file rest may 
be used for all of them. 

913. What kind of a file rest should be used and how 
should it be fastened in place? 

A convenient form of a file rest bolted in place is shown 
in Fig. 320. It consists of two pieces of iron, c and c, each 



\ Smoothing the Corn- 
provided at one end with an adjustable piece s. Each of the 
pieces c and c is attached to one side of the bearing d, and is 
held in position by the cap bolts e, etc. A file ft is laid across 
the pieces s and s, which are so adjusted that the file will just 
touch the commutator a. 

The separate parts of the file rest are more clearly illus- 
trated in Fig. 321, where a represents one of the pieces of 
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iron, provided with slota h, etc., for the reception of the cap 
bolts. The other end is made adjustable by being provided 
with an extra piece c, the height of which is adjusted by screws 
e, etc. The piece c after having thus been raised to the proper 
height is held in position by the screws d, etc. The part c, 
consequently, rests on the screws e and e and is held on them 



Fig. 321.— Detail of File Reat in Fig. 320. 
by the screws d and d. The latter screws are countersunk so 
that they will not be in the way of the file. The bar a should 
be of such dimensions that the pressure on the file will not 
cause it to move. 

914. If the commutator is eccentric or too rough to be 
smoothed evenly by means of a file, what should be done 
with it? 

It should be turned down by means of a lathe. If the arma- 



Fig. 322. — Commutator Truing Device. 

ture is large and difficult to remove from the machine, a 
portable lathe or truing device can be attached directly to the 
brush-holder bracket after the brush holders are removed, as 
shown in Fig. 322, and the commutator turned down without 
removing the armature from the motor. The brush-holder 
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bracket should be braced at the outer end by heavy wooden 
blocks, as shown at m and n, to prevent vibration. 

Instead of a regular cutting or lathe tool, two pieces of 
carborundum stone, a and c, are employed. These are clamped 
in the carriage t and moved back and forth across the face of 
the commutator d by a screw feed rotated by hand, the handle 
r being provided for the purpose. The armature is rotated at 
the same time at normal speed and pressure of the stones 
against the commutator is obtained by the cross screw feed. 

If the armature is small and easy to remove from the ma- 
chine, it should be placed in an ordinary stationary lathe 
and the commutator turned down in the usual e 



915. In case it becomes necessary to remove the com- 
mutator from the armature, how should this be done? 
The simple device shown in Fig. 323 is convenient for this 



Fie. 323. — Single Arrangement for Removing the Commutator from 
the Armature. 

purpose. It consists of two pieces of iron c and c, shaped to 
fit back of the collar & on the commutator spider. Through 
holes in the ends of c and c are passed bolts e and e, and over 
the outer ends of the bolts is slipped the bar / which bears 
against the shaft d. Before commencing to remove the com- 
mutator it is necessary to have all the armature connectors 
disconnected from it. By screwing up the nuts g and g, the 
spider and commutator will be drawn off. After producing 
the first strain on the bolts, however, it may be necessary to 
give the commutator a light rap to start it. 
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916. What characteristic features are present when the 
sparking is caused by weak field magnets? 

The speed of the motor will be unusually high with weak 
field magnets unless the magnetism is very low or lacking 
altogether, in which case the motor will run very slow, stop 
or perhaps run backward. If the pole pieces are tested by 
holding a piece of soft iron near them there will be little, if 
any, attraction. 

917. How may the trouble be definitely located? 

Place wooden chips under the brushes so they do not come 
in contact with the commutator, and with the field rheostat 
short-circuited, close the field coils upon the supply circuit. 
If upon opening this circuit there is no spark, there is a broken 
wire or connection somewhere in the circuit. 

If there is a spark, the circuit is not broken, but one of the 
magnet coils may be short-circuited. This may be deter- 
mined by testing with a piece of soft iron which, when held 
between the pole piece of the short-circuited coil and the adja- 
cent pole piece, will be attracted to the latter, but not to the 
former. Another method of testing for a short-circuited field 
coil consists in passing a current through the field circuit 
and measuring the drops of potential across the different coils. 
A short-circuited coil will show little or no drop in comparison 
with the others. A short-circuited coil may be caused by its 
wire being grounded at two points on the frame. 

One of the field coils may be reversed, producing a weak 
field. This can be determined by passing a current through 
the field circuit and moving a compass needle from one pole 
piece to the other in succession. The needle will reverse its 
direction at each succeeding pole if none of the coils is 

reversed. 

HEATING 

918. Is there not always some heat developed in connec- 
tion with the operation of direct-current motors? 

All motors in operation develop a certain amount of heat 
which cannot be prevented and which is not therefore con- 
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sidered a defect. It is only abnormal heating in a motor that 
need cause apprehension. 

919. Explain why a motor in perfect running order de- 
velops heat while in operation. 

Considering the motor electrically, heat is developed at the 
commutator and brushes and in the field and armature coils 
because it is impossible to force a current of electricity 
through a conductor without heating it. 

Considering the motor mechanically, heat is developed in 
the bearings, commutator and brushes by reason of friction 
between moving parts. 

Considering the motor magnetically, heat is developed in 
the iron portions, such as the frame and magnet cores, on 
account of the passage of magnetic lines of force through 
them. 

920. Is it an easy or a difficult matter to locate the cause 
of abnormal heating in a direct-current motor? 

It is often difficult because both the defective and perfect 
parts become of practically the same temperature owing to 
the ease with which heat is conducted through and between 
them. 

921. How should such a case be treated? 

Stop the motor until it becomes perfectly cool. Then start 
it up and operate it under full load for about five minutes. 
Stop it again and carefully but quickly test each part for 
abnormal temperature by the sense of feeling. 

922. Give some rules to guide one in testing for tem- 
peratures by means of the hand. 

The ability to determine accurately in this manner the 
amount of heat developed can be acquired only by experience. 
If the hand can comfortably be held on the iron portion of 
a machine for several seconds, its temperature may be con- 
sidered as being within the safe limits. 

In connection with this test the condition of the hand must 
be taken into consideration as well as the conductivity for 
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heat of the surface touched. Inasmuch as the back of the 
hand is far more sensitive than the palm, more reliable results 
will be obtained by testing with the back of the hand. If 
the surface of the iron is rough there will be more radiation 
than if it is smooth and, in consequence, its internal tem- 
perature may be higher than the sense of touch would lead one 
to suppose. Then, too, any paint on the surface of the iron 
also lowers to a considerable extent the conductivity of the 
internal heat. 

923. How can more accurate results be secured than by 
the sense of feeling? 

By using thermometers. 

924. Give some rules for testing motor temperatures by 
means of thermometers. 

The bulb of the thermometer should be placed against the 
surface of the part in which the temperature is desired and it 
should be protected from outside influences by a covering 
of cotton waste, the whole being held in position either by 
hand or tied by means of a string. 

In connection with this test it is well to note the tempera- 
ture of the surrounding air at the time the other reading or 
readings are taken, for the atmospheric temperature has, of 
course, a direct bearing upon the temperatures of the various 
parts of the machine. 

925. What temperatures of the different parts of a direct- 
current motor would be considered abnormal? 

For the field or armature, over 50 degrees Centigrade 
above the surrounding air temperature; for the commutator 
or brushes, over 55 degrees Centigrade above the surrounding 
air temperature ; for bearings or other parts of the machine, 
over 40 degrees Centigrade above the surrounding air tem- 
perature. 

926. Is there any other method of obtaining tempera- 
tures of the parts of a motor? 

Yes, there is an electrical method particularly well adapted 
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for securing the temperatures of the field and armature coils. 
The inaccessibility of these parts renders the hand and ther- 
mometer methods rather inadequate for the purpose. The 
electrical method is often used as a check on the temperatures 
obtained on the field and armature coils by means of ther- 
mometers. 

927. Explain how to obtain the temperatures of the field 
and armature coils by the electrical method. 

After the motor has been run under full-load conditions 
sufficiently long to insure the maximum temperatures being 
reached, the machine is shut down and a moderate direct- 
current voltage applied first between any two opposite com- 
mutator bars and then between the terminals of the field 
coils. In each case the amperes of current are carefully noted 
on an ammeter, and at the same time the drop in pressure 
between the points of application is also read on a voltmeter. 
Having, then, the current through the armature coils and 
through the field coils, and the respective pressures across 
them, their respective resistances hot may readily be calcu- 
lated by dividing the latter values by the former ones. 

In performing this test care must be observed that the 
testing voltage does not exceed the normal voltage for which 
the armature winding or the field winding is designed, in 
order that the testing current does not injure or unduly 
increase the temperatures x)f these parts ; it is also necessary 
to note by aid of a thermometer the temperature of the sur- 
rounding air in degrees Centigrade at the time these measure- 
ments are being taken. 

Having, then, at an atmospheric temperature of T°, the 
resistance in ohms which we will designate Rt^, the next step 
is to calculate what this resistance would be at zero degrefe 
Centigrade. Designating this unknown quantity by Ro^, the 
formula used is 

~~ 1-h 0.004 r° • 
By substituting for the terms on the right-hand side of 
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this equation their proper values, and dividing the numerator 
by the denominator, the value of Ro° will be obtained. This 
value, together with that of B^, when substituted in the 
equation 

Ro° X 0.004 
will give the temperature in degrees Centigrade, at the time 
the measurements were taken, of the armature coils or of 
the field coils, depending upon whether B2* is the resistance 
hot of the one or the other. 

928. If the thermometer readings in Answer 927 were 
taken on Fahrenheit thermometers instead of on Centi- 
grade thermometers, would the results be affected? 

They would. If, however, the Fahrenheit readings be con- 
verted into Centigrade by the process described in Answer 39, 
and these converted figures be used in the calculations, the 
results will be the same as before. 

929. How long does it require a motor working under 
full-load conditions to attain maximum temperatures in its 
various parts? 

Small motors attain their maximum temperatures sooner 
than larger motors. Ordinarily, about four hours is sufficient 
for small motors and from six to eight hours for large ones. 

930. Is it possible to detect abnormal heating in a motor 
by any method not yet mentioned? 

Yes, by the sense of smell. When the heating has reached 
this stage of development, the limit of safety has been far 
exceeded. Trouble asserting itself in this manner may usually 
be located in the field or armature coils as the insulation on 
these windings when subjected to undue heat gives forth a 
very pungent odor not easily mistaken. If the machine is 
not shut down at once, the trouble is liable to increase until 
smoke is visible and the damage irreparable. 

931. What are the general causes of abnormal heating 
at the commutator? 

The defects previously mentioned as causing sparking at 
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the commutator will also raise its temperature. They con- 
stitute the general causes of abnormal heating at the com- 
mutator. 

932. How should these general causes of abnormal heat- 
ing be removed? 

By removing the source of the sparking as previously ex- 
plained. 

933. Does not the appearance of the commutator serve 
as a guide to the direct cause of the heating? 

It does if the trouble is with the commutator. For exam- 
ple, if there are burnt spots on the surface of the com- 
mutator, there is probably dirt or foreign matter on it which 
should be removed. If, when the current is applied, small 
sparks can be detected in the insulation between the com- 
mutator bars, there is either foreign matter between the bars 
or the insulation itself has become defective. \n the former 
case the troublesome particles should be removed and in the 
latter case a new commutator will probably be necessary. 

934. Is a hot commutator sometimes caused by trouble 
in other parts of the motor? 

Yes. 

935. What usually causes the brushes to become ab- 
normally heated? 

Loose connections in the brush holders or between the 
brush holders and the brush-holder cables, decomposition of 
the brushes at their contact surfaces, or carbon brushes of 
too high resistance. 

936. What should be done in case the brushes are of too 
high resistance? 

Some improvement may be noticed if the brush holders are 
set lower so as to make that portion of the carbon through 
which the current passes as short as possible. Other methods 
of correcting this trouble consist in providing brushes of 
larger cross-section, in using a greater number of brushes 
and brush holders on each stud, and in increasing the con- 
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ductivity of the carbon brushes by using copper in one form 
or another in <;onnection with them. 

In case one of the carbon brushes is found to heat more 
than the others, a comparison of its resistance with that of 
one of the others will show at once if the difficulty lies in 
its conductivity. If its relative resistance is found to be 
high, advantage may be taken of the remedies just given for 
decreasing its resistance. 

937. To what cause can abnormal heating of the field 
coils usually be traced? 

To the passage through them of a larger current than they 
are designed to carry. 

938. What would be the heating effect if one of the 
field coils was short-circuited? 

The short-circuited coil would be cooler than the others, 
and its pole piece would be weaker magnetically. 

939. Is there a more accurate method of locating a short- 
circuited field coil than that mentioned in Answer 938? 

Yes. To make absolutely sure whether a field coil is short- 
circuited, measure the resistance of each one by the drop 
method. This consists in passing a direct current, main- 
tained constant by means of a rheostat and ammeter, through 
the field coils connected in series and measuring by aid of 
a voltmeter the drop in pressure across the terminals of the 
individual coils. If there is a variation of more than 5 or 
10 per cent, between the voltmeter readings, there need be 
no doubt but that the coil showing the low reading is short- 
circuited. 

940. How may a short-circuited field coil be remedied? 
If the trouble lies at the terminals of the coil it is usually 

easy to bend or insulate them without removing the coil 
from the pole piece; otherwise, it should be taken oft and 
rewound. 

941. What are the causes for high temperature in the 
pole pieces? 

Either heat conveyed to them from other parts of the 
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machine which have reached a high temperature or eddy 
currents in the pole pieces. 

942. Bescribe how eddy currents are developed. 
Changes in the magnetic condition of the pole pieces due 

to a variation in the field current through the magnet coils 
are responsible for the development of eddy currents. The 
eddy currents travel at right angles to the lines of force of 
the field. They penetrate into the interior of the pole pieces, 
although not to a great depth, and heat the iron cores. 

943. What harm is done if the pole pieces reach a high 
temperature? 

They raise the temperature of the field coils and so increase 
their resistance. 

» 

944. How is it possible to tell whether hot field coils are 
caused by eddy currents in the pole pieces or by too large 
a field current? 

If eddy currents are causing the trouble, the temperature 
of the pole pieces will be higher than that of the field coils. 
A comparison of the respective temperatures of pole pieces 
and field coils may approximately be obtained by the sense 
of feeling, if due allowance is made for the difference in 
conductivity between the iron of the former and the insula- 
tion of the latter. A more accurate comparison of tempera- 
tures can, of course, be made by means of thermometers 
properly applied. 

945. What can be done to eliminate eddy currents from 
the pole pieces? 

The reconstruction of the pole pieces is the only practical 
remedy. They should be laminated by building them up of 
plates or disks stamped from soft sheet iron, instead of 
forming each core of one solid mass of iron. The plates are 
enameled or painted on both sides, and when dry are bolted 
tightly together and cast in with the frame. The enamel on 
the plates acts as a resistance to the eddy currents and checks 
their formation. It does not, however, impede the flow of 
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the lines of magnetic force through the pole pieces, because 
these lines pass lengthwise along the plane of the plates. 

946. Are eddy currents ever responsible for unduly rais- 
ing the temperature of the armature ? 

Yes, especially when they form in the armature core. In 
this case there is no noticeable sparking, but there is a 
higher temperature in the core than in the surrounding coils. 
The machine also requires mor^ than the usual amount of 
current to run it at no load. As in the similar case with the 
pole pieces, relief can be obtained only by laminating the 
iron core. 

If the motor is of large capacity, carrjring heavy armature 
conductors, eddy currents may also develop in them. This 
trouble may be distinguished from that just mentioned by 
a higher temperature in the conductors than in the core. It 
will be necessary to subdivide the conductors into strands 
or strips, twist them about each other, and sink them into 
slots in the armature core in order to overcome the diflSculty. 

947. What other causes are sometimes responsible for 
excessive heating of the armature? 

Heat may be developed in some other part of the machine 
and be transmitted to the armature by conduction. Then, 
too, the motor may be overloaded and carry too much current 
in the armature. 

948. What effect has dampness upon raising the .tem- 
perature of armature coils? 

If the armature coils become damp their insulation is 
lowered, but their temperature will not be increased. 

949. How should damp armature coils be dried? 

By passing a moderate current through the coils for a con- 
siderable length of time, or by baking the armature in an 
oven. In either case the drying process should be continued 
until the insulation resistance of the windings measures over 
1 megohm. 
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950. Which method mentioned in Answer 949 is prefera- 
ble for drying out armature coils? 

The latter, because it is more effective unless a compara- 
tively strong armature current is used, in which case there is 
danger of the shellac melting and running and the insulation 
becoming charred or burned. 

951. If the bearings become too warm, what may be 
the cause of the trouble? 

The bearings may fit too closely around the armature 
shaft; in a new motor they may be out of line; there may 
be foreign matter in the bearings. 

952. How may trouble in the bearings be tested? 

By slowly turning the armature around by hand to see if 
it sticks, or When shutting off the power noticing if the 
armature comes freely to rest. 

953. What are the remedies for troublesome bearings? 
Bearings which fit too tightly must be reamed out or 

scraped, or the armature shaft placed in a lathe and turned 
down or filed; 

If the bearings are out of line with each other the motor 
should be shut down and the bolts holding the bearings in 
place partially unscrewed to allow the bearings to find their 
proper position. When they have done so, and the clearance 
between the armature and pole pieces is the same on all sides, 
the necessary adjustments must be made for maintaining the 
bearings in this position. If the motor is provided with self- 
alining bearings which, as their name implies, are automatic 
in action, and which are now commonly used on all high- 
grade machines, little or no trouble need be anticipated from 
this cause. 

Dirt or other foreign matter in the bearings is liable to 
result from unfiltered oil being used, or when the room is not 
kept free from dust and dirt. A careful examination of the 
shaft will show whether this trouble exists, as there will be 
scratches on it when such foreign matter is present. To 
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improve conditions the shaft or bearings must be taken out 
and cleaned. 

954. What is, perhaps, the most common of all causes 
for abnormal heating of the bearings? 

Deficiency of oil in the bearings is the most common of 
all causes of hot bearings. The deficiency may be due to a 
defect in the oiling rings on the shaft, to a stoppage or leak 
in the oil passages, or to empty oil cups. Usually this defect 
is easily made right, the nature of the trouble suggesting the 
remedy to apply. 

955. Could a very tight belt cause the pulley bearing 
to heat up? 

It could. 

956. How may the trouble referred to in Answer 955 
be detected and remedied? 

It may be detected by the unequal temperatures of the 
commutator and pulley bearings, the latter being the warmer. 
If the belt has not been run tight very long, the bearing will 
probably not have become worn sufficiently to require renew- 
ing, but in any case the tension of the belt should be lessened 
either by employing larger pulleys and a lighter belt or by 
decreasing the load on the motor. 

957. If the bearings are very warm and the armature 
shaft turns more easily at one point of a revolution than 
at another, what is probably wrong? 

The armature shaft is probably bent. 

958. What is the remedy for a bent armature shaft? 
The easiest, cheapest and, in fact, the only satisfactory 

way to correct this trouble is to replace the defective shaft 
with a new one properly turned. 

959. Are there any other shaft troubles that may pro- 
duce hot bearings? 

Yes, the shaft may not have sufiicient end play or it may 
be cut or roughened. 
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g6o. Why is end play of the shaft necessary to keep the 
temperature of the bearings low? 

If there be no end play, or free lengthwise movement back 
and forth, of the armature shaft in the bearings while the 
motor is in operation, the collar, shoulder, or pulley on the 
shaft is apt to press continually against the bearings and 
cause them to become heated. 

961. What should be done to correct end-play trouble? 
A slight change in the line-up of the belt may improve 

matters. It may, however, be necessary to file the abutting 
surface of the bearing or change the position of the pulley 
or collar along the shaft to secure satisfactory results. 

962. In case the shaft is cut or roughened, what should 
be done? 

The shaft should be placed in a lathe and filed or turned 
smooth. Care must be taken, however, not to remove more 
metal than is absolutely necessary, else the bearings will 
not fit and they will have to be renewed. In any case it is 
necessary to have them perfectly smooth before the repaired 
shaft is placed in position. 

963. Is a bearing liable to become hot by conduction of 
heat from some other part of the motor? 

It is. If the bearing on the commutator side of the ma- 
chine is becoming heated from no apparent cause, an inspec- 
tion of the commutator and armature should be made; or if 
the bearing on the pulley side of the machine is hot, the 
pulley may be suspected. When it is found that some part 
has a higher temperature than the bearing on that side of 
the motor, the proper remedy applied to the defective part 
will indirectly lower the temperature of the heated bearing. 

NOISE 

964. What usually causes noisy operation of direct- 
current motors? 

Mechanical defects. 
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965. What is the cause of a rattling noise, and what 
should be done to stop it? 

A rattling noise is usually caused by parts which have 
become loose, owing to the loosening of screws or nuts. 
Guided by the loudness of the noise, a thorough inspection 
should be made of the binding posts, bearings, and other 
parts of the machine in which screws and nuts constitute 
an important feature. If such parts are producing the noise 
they are loose and vibrating ; consequently, by feeling around 
them while the machine is in operation it is easy to judge 
of their responsibility for the trouble. On the other hand, 
if the machine is not running, the shaking of questionable 
parts will provide the desired information. 

If the noise is in the bearingsl it is generally due to loose- 
ness of the armature shaft in the bearings caused by the 
wearing of the latter. The remedy, of course, is to refit the 
defective bearing or bearings. If the noise is caused by loose 
nuts or screws, the remedy consists merely in tightening them 
thoroughly. 

966. If the noise is accompanied by very noticeable 
vibrations, where is the trouble likely to be? 

If the vibrations are generally distributed over the entire 
machine and increase in intensity with the speed of the 
armature, the noise is likely to be caused by a poorly balanced 
pulley or armature. 

967. How should a pulley or armature be tested and 
remedied for an unbalanced condition? 

Remove the pulley and armature from the machine and 
test them separately. The armature can best be tested by 
placing it so that its shaft is supported at the ends upon 
two knife-edge or A-shaped iron rails, a and c, Fig. 324, 
placed "flat and parallel to each other. Then, if the armature 
is poorly balanced, the heavy side will cause rotation except 
when this side happens to be downward. By setting the 
armature at rest on the knife edges with different points 
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around its periphery placed upward, the weighty side may be 
easily ascertained. The trouble may be remedied either by 
soldering some lead on the lighter side, or by filing or boring 
holes in the heavy side. 
A shaft should then be provided temporarily for the pulley 




Fig. 324. — ^Method of Testing an Armature for Unbalanced Condition. 

in order that it, too, may be tested; if necessary, it may be 

balanced in the same manner as described for the armature. 

* 

968. State how noise produced by the pulley, belt or 
shaft collar striking against the bearings of the machine 
can be easily detected. 

By pushing the shaft or belt away from the one or other 
of the bearings with a stick while the motor is running and 
noting if the noise ceases. 

969. How may noise produced as mentioned in Question 
968 be stopped? 

The trouble may usually be overcome by changing slightly 
the direction of travel of the belt. However, if this change 
does not improve matters, shifting the pulley on the shaft 
or filing off the shoulder of the bearing, as the case may be, 
will probably effect the desired result. 

970. What kind of noise is made by the pounding of the 
jointed portion of a belt against the pulley? 

A loud thump which occurs but once during each revolu- 
tion of the armature. 

971. Does not the armature when striking against the 
pole faces make a similar noise? 

Yes, but it is less of a thump and more of a scraping noise. 
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972. How should a trouble of the nature mentioned in 
Question 971 be investigated? 

Usually, an examination of the armature surface will de- 
termine if it has been striking the pole faces. Great care 
should be taken to make this examination thorough, for the 
danger of damage to the armature when it comes in contact 
with the pole faces is very great. Another, and perhaps a 
better, test consists in removing the belt or power connection 
from the armature shaft, and while slowly turning the arma- 
ture by hand, observing whether or not it sticks at any point. 

973. How should a trouble of the nature mentioned in 
Question 971 be remedied? 

If the trouble is caused by one side of the armature wind- 
ing projecting abnormally, it may be remedied by binding 
down the bulging part with a wrapping of iron wire which 
should extend around the armature body but be well insu- 
lated from it at all points. If the armature is out of center, 
it may be possible to adjust the bearings so there is a uniform 
clearance between the armature surface . and each of the 
pole faces. Sometimes the trouble lies in one or more of the 
pole faces projecting abnormally; in this case it will be 
necessary to file out the projecting portions. 

974. What is indicated by a hissing sound produced at 
the brushes? 

Either a dry or sticky commutator, or rough contact sur- 
faces on the carbon brushes. By listening near the com- 
mutator, it is easy to ascertain if there is trouble from these 
sources. 

975. If the brushes are making the noise, how may the 
noisy ones be detected? 

By raising one brush at a time while the machine is in 
operation, and noting if the noise ceases. This test, however, 
can be applied only to motors having more than one brush 
on a stud, as otherwise the motor circuit would be opened 
by the raising of a brush and an arc would be formed that 
might endanger the experimenter and burn the commutator. 
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976. How can brushes usually be made to operate noise- 
lessly? 

Sandpapering their contact surfaces or applying oil to 
them at this part will generally reduce the noise. Sometimes 
it is merely necessary to raise or lower the noisy brush a 
trifle in its brush holder to stop the hissing sound. 

977. How should a noisy commutator be silenced? 

Recourse may be had to filing or sandpapering if the com- 
mutator is rough, or to the application of a minute amount 
of oil or vaseline if it is dry. In the case of a new machine 
having a noisy commutator, it is advisable to run it awhile 
unloaded until both the brushes and the commutator become 
adjusted to each other and smooth. 

978. What causes other than mechanical ones are re- 
sponsible for noise in a motor? 

If a belted motor, is carrying more than its normal load, 
the belt is likely to slip over the pulley and cause an irregular 
squeaking sound. In a motor having a toothed-core armature, 
there is sometimes noticeable a humming noise when the ma- 
chine is in operation. This results from the passage of the 
teeth of the core past the field-magnet poles. 

979. Cannot objectionable noise caused by overload on 
a motor be reduced without decreasing the load? 

Tightening the belt or applying powdered rosin to that 
part of its surface which comes in contact with the pulleys 
may be found to answer the purpose. If, however, these 
remedies fail, a pulley of larger diameter or a belt having 
a wider dimension must be employed. 

980. Can the humming noise due to a toothed armature 
core be remedied? 

It can be remedied, but only in the reconstruction of the 
machine, either by reducing the number of ampere-turns in 
the field winding or by altering the shape of the pole pieces 
or that of the teeth in the armature core so that the teeth 
do not all pass the edges of the pole pieces at the same time. 
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ABNORMAL SPEED 

g8i. What are the usual causes that tend to slow down 
the speed of a direct-current motor? 

Overload; friction between the armature and the pole 
pieces ; friction between the armature shaft and the bearings ; 
a short-circuited coil or ground in the armature ; low voltage 
in the supply circuit. 

982. What indications accompany an overloaded motor 
running slow? 

There is usually bad sparking at the commutator, the 
armature is very warm and in the case of a belted machine 
the belt is very tight on the tension side and may slip ex- 
cessively. 

983. Is there any remedy for the case mentioned in 982 
except reducing the load? 

No. 

984. What symptoms indicate that friction between the 
armature and the pole faces is keeping down the speed? 

A roughened armature surface; a tendency of the arma- 
ture to stick when turned slowly around by hand, or a scrap- 
ing noise when the armature is rotated. 

985. How should friction trouble of this kind be 
remedied? 

By binding down the protruding portion of the armature 
winding, or by properly centering the armature in its bear- 
ings or by filing out the pole faces where the friction occurs. 

986. If there is sufficient friction between the armature 
shaft and the bearings to cause drop in speed, will they 
not become very warm? 

They will, and the armature will be difficult to turn by 
hand. 

987. What remedy should be applied in the case men- 
tioned in 986? 

The bearings, if not out of alinement, should be readjusted. 
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If the shaft surfaces are rough they should be smoothed, 
cleaned and oiled. 

988. How may a short-circuited coil or a ground in the 
armature be found? 

A short-circuited coil in the armature will cause the motor 
to draw excessive current. A ground occurring at two points 
in the armature will produce the same effect as a short- 
circuit, but a ground at only one point will not be noticeable. 
Continuity tests with a magneto testing set, Fig. 151, made 
by connecting the terminals of the magneto to the armature 
core and to the wire of the coil and turning the generator 
crank, will show up a ground if there is one. If the mag- 
neto bell rings, there is a ground; if it does not ring, there 
is probably not any ground. 

989. How should a short-circuited coil be remedied? 

If the trouble is due to a piece of solder or other metal 
between the commutator bars or their connections with the 
armature winding,, the remedy consists simply in removing 
the solder or the metal. If the short-circuit is in the coil 
itself, the coil will have to be replaced by a new one. 

990. What should be done to remove a ground in an 
armature coil? 

If the ground is at a point where it can be reached, it can 
usually be remedied by inserting a strip of insulating ma-* 
terial between the coil and the core. Otherwise, the coil 
must be rewound. 

991. From what cause may a ground be formed in a 
motor? 

Sometimes a ground is caused. by a spark of static elec- 
tricity, generated by friction between the belt and pulley, 
puncturing the insulation of a coil. 

992. Is there any way to prevent trouble from the static 
electricity produced by the belt? 

If the frame of the motor be connected to earth the static 
charge will be led directly to the ground before it does any 
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harm. If it is not desirable to ground the motor frame, 
a moistened thread, a heavy pencil mark on a piece of 
unglazed porcelain, or any other high resistance connecting 
the frame to earth that will carry off a static charge, which 
is of very high potential and very minute magnitude, but 
will not allow the passage of an appreciable current, will 
answer the purpose. 

993. What are the usual causes that tend to make a 
direct-current motor run too fast? 

Weak field magnets ; too small a load, or too high voltage in 
the supply circuit. 

994. Does a weak field magnet always cause a motor 
to run fast? 

A weak field magnet causes a shunt-wound motor to run 
fast if it is lightly loaded. If the motor is very heavily 
loaded, however, a weak field magnet will usually cause it 
to run slow. In case the field circuit is accidentally broken 
while the motor is running heavily loaded, it may even reverse 
the rotation and cause the motor to run backward. 

995. Is the speed of a motor likely to become danger- 
ously high owing to its load being light? 

It is in the case of a series-wound motor, but not so in 
a shunt-wound motor. A series-wound motor is therefore 
generally geared or direct-connected to the load instead of 
being belted to it, because if the belt should break, the motor 
would increase in speed until the armature destroyed itself. 

996. What special care should be exercised in running 
series- wound motors to prevent the load being removed? 

If the load is not direct-connected to the motor an auto- 
matic governor should be used in connection with the motor 
to reduce the current if the speed becomes too high. 

997. What way is there of learning whether a high 
voltage in the supply circuit is causing the motor to speed- 
up? 

Measuring the voltage across the supply wires with a 
voltmeter. 
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998. Where should trouble be looked for if a direct- 
current motor fails to start? 

An open circuit in the motor or in its connections to the 
supply wires; no current in the supply wires; improper 
connections; excessive friction between the moving parts; 
too heavy a load. 

999. In what parts of a motor or in its v(^iring to the 
supply wires is an open circuit most likely to occur? 

One of the wires connecting the field winding in circuit 
may have slipped out of its connection, in which case the 
pole pieces when tested with a piece of iron will not attract 
it. The brushes may not be in contact with the commutator. 
In the wiring to the supply circuit one or both of the fuses 
may be melted, the circuit-breaker may be tripped or the 
main switch open. 

1000. What should be done in case an open circuit is 
suspected? 

If the main switch and circuit breaker are closed, open them 
at once, and investigate the wiring of the motor in circuit, 
feeling about the connections to see if they are tight. If they 
appear in good condition, test the voltage in the supply wires 
with a voltmeter or with incandescent lamps if a voltmeter is 
not available. 

In a shunt motor, if the pole pieces strongly attract a piece 
of iron held near them when the main switch is closed, it 
indicates there is current in the supply wires and that the 
trouble is elsewhere than in the field circuit. This, therefore, 
obviates the necessity of the voltage test above mentioned. 
If, however, there is no attraction, do not attempt to start the 
motor by passing current through the armature until there 
is indication of a strong field. 

With field and voltage normal, attention must next be 
given the armature circuit. Before testing the armature 
separately, attempt to start the motor again, and note whether 
there is a spark at the first contact in the starting rheostat 
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when the armature circuit is made and broken. With no 
indication of a spark, there is undoubtedly an open circuit 
either in the rheostat or in the armature, and these should be 
tested separately for continuity either with a magneto or an 
electric bell, and battery. 

TYPICAL MODERN FORMS 

loot. For what kind of service is the four-pole motor 
shown in Fig. 325 chiefly used? 

Fop driving blowers and exhausters of small or moderate 
size to which it is direct-connected. This motor is built in 



sizes of from 1.5 to 35 horse-power and gives speeds ranging 
from 368 to 1630 revolutions per minute. 

1002. Illustrate and describe the principal parts of the 
motor in Fig. 325. 

Fig. 326 shows the principal parts separately. The magnet 
frame m consists of a cylindrical yolie of cast iron, machined 
to receive the pole pieces and bearing brackets, and has sup- 
porting feet cast solid with it. The bearing brackets, or 
end covers u and v, are of skeleton construction held in seats 
in the magnet frame by four bolts. 
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The pole pieces n, s, etc., of whicli there are four, are 
through-bolted to the yoke and offset axially from the center 
to permit the use of duplicate bearing brackets on either 
end. By taking out the through-bolt c of any magnet pole, 
that pole, with its coil, may be removed without disturbing 
the armature or dismantling the motor. The pole pieces are 
built up of soft-steel punchings, held between end plates 
under pressure. The punchings are of such shape that they 
provide a support for the field coil, and cast-iron horns are 



Fig, 326.— Details of the Sturtevant Four-Pole Motor in Fig. 325. 

used to eliminate the disagreeable humming while retaining 
all the advantage of the laminated construction. 

The field-magnet coils, 6, d, etc., are shunt-wound, machine- 
formed and insulated by two layers of heavy tape. 

The armature t is of the slotted-drum type, built up of 
annealed-steel stampings, each insulated by a coating of 
japan. These laminations are assiembled on a east-iron sleeve 
which is provided with openings for free circulation of air 
and has an extended hub for the reception of the commutator 
shell, thus making the armature and commutator a self- 
contained unit. The armature coils are held in the slots by 
fiber wedges. The commutator is built up of bars of hard- 
drawn copper held in a east-iron shell of spider construction ; 
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amber mica is used for insulation between the copper seg- 
ments. 

The brushes I, etc., are of carbon and slide in brush holders 
o of the box type. They are provided with braided copper 
" pig-tails," which relieve the brush-holder body and springs 
from carrying any appreciable current. The brush-holder 
studs are mounted in lugs projecting inward from a ring p, 
which is supported in a machined recess e in the magnet 
frame. It is held in position by the front bearing bracket «. 



Fig. 327.— Stiirterant Eight-Pole Motor,— Pedestal Type. 

1003. For what kind of service is the eight-pole motor 
shown in Fig. 327 chiefly used? 

For driving large machine tools, blowers and exhausters 
to which it is direct-connected. This motor is shunt-wound 
and made in sizes up to 225 horse-power, running at 300 
to 900 revolutions per minute. 

1004. Describe the principal parts of the motor in Fig. 
327 which differ from those in the motor shown in Fig. 325. 

There are no end brackets, the shaft bearings being suj)- 
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ported in pedestals m and c. Pig. 328, which, with the magnet 
frame r, are bolted to a substantial base b. To inwardly pro- 



— Magnet Frame, Pedestals and Pole Pieces of Motor i 



jecting bosses on the magnet frame are through-bolted the 
pole pieces v with cast-iron shoes a on the inner extremities. 



Fig. 329.— Armature of Motor in Fig. 327. 

The armature, Fig. 329, is of the siotted-drum type made 
from punehings of mild steel, which are coated with insulat- 
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ing varnish and clamped on a east-iron spider, the hub of 
which is extended to mipport the commutator. Air is forced 
through and about the armature windings by ventilating 
duets formed by brass space-blocks with radial arms, which 



Fig. 330. — Westinghouae Motor with Belt-Tightening Pulley. 

act like the blades or vanes of a centrifugal blower. A two- 
circuit winding is usually adopted, so that a single pair of 
brushes is sufRcient whenever small bfush capacity is re- 
quired. Armature and field coils are made water-proof and 
oil-proof by drying and, after dipping in armalac, baking 
for twenty-four hours at a temperature of 100 degrees Centi- 
grade. 

1005. What is the purpose of the extra pulley shown on 
the motor in Fig. 330? 

It is a belt-tightening attachment such as is frequently 
used on motors of this kind to permit setting the motor 
at a short distance from the driven shaft and to allow the 
use of a small driving pulley. The belt tightener gives a 
greater arc of belt contact on the driving pulley, thereby 
decreasing the amount of belt slip without excessive belt 
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tension, and it also doea away with the need of a sliding 
base. It also takes up any jarring that would otherwise 
be transmitted from the driven machine to the motor arma- 
ture. The motor shown is a Westinghouse constant-speed 
shunt machine with four poles. 

1006. Explain the construction of the belt tightener. 

The belt tightener consists, primarily, of a east-iron plate r 
bolted to the motor frame, with an adjustable arm c carrying 
an idle binder pulley p. The arm c with its pulley may be 
adjusted and held in any position necessary to produce the 
required binding effect on the belt 6 by means of the adjusta- 
ble spiral spring t. 



Fig. 331. — Westinghouse Semi -Enclosed Motor with Back Gears. 

1007. What kind of motor is that shown in Fig. 331? 

A back-geared direct-current Westinghouse motor of the 
semi-enclosed type designed for driving machine tools or 
other slow-speed apparatus. The object in using the gears 
and countershaft a is to get a considerable reduction in speed 
with rigid drive or with minimum floor space. Aside from 
the perforated end covers c, etc., which protect the working 
parts from injurj', the general design and construction of 
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the motor is practically the same as that of the machine 
shown in Pig. 330. 

1008. Cannot the working parts of a motor be entirely 
enclosed? 

Yes; a Fort Wayne shimt-wouiid motor thus protected 
is shown in Pig. 332. By means of the commutator end 
bonnet 6 which is bolted to the frame, dust, grit and foreign 
matter are entirely prevented from reaching the commutator, 
etc. Through the hand hole at e which is provided with a 
cover, free access is afforded to all parts of the commutator 



and brush rigging. The leads to the brushes and iield 
magnet coils are shown at m entering the motor through a 
tight-fitting hole in the bonnet 6. 

Totally enclosed motors operate at higher temperatures 
than open motors and with somewhat reduced output, but 
are desirable in connection with certain kinds of work where 
the surrounding air is laden with foreign particles that would 
interfere with good commutation, 

1009. What kind of motors are those shown in Figs. 333 
and 334? 

These are vertical direct-current Fort Wayne motors for 
special application under conditions which make the ordinary 
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horizontal-shaft motors impracticable. The motor in Fig, 
333 is for belted connection, the pulley being located at m; 
the motor in Pig. 334 is for direct connection, the coupling 
being mounted on the shaft (, Both are shunt-wound ma- 
chines. 
The bearings are supplied with oil through the centrifugal 



force of the revolving shaft. As shown in the sectional view, 
Fig. 335, the oil guides flare out at the top, so that a com- 
ponent of the centrifugal force acts along this flaring oil 
duet and maintains a steady flow of oil from the large 
reservoir at the bottom, up through the duets along the 
shaft, and back to the reservoir by gravity. 

The type of brush holder used on Fort Wayne motors is 
shown separately in Fig. 336. A copper connection c is 
bolted and soldered to the back of the brush v and into 



550 



ELECTRICAL CATECHISM 



this connection is soldered a flexible cable e which is con- 
nected to the brush-holder body as shown, shunting the 
current around the brush box t and eliminating the variable 
contact between brush and box from the working circuit of 
the machine. The brush pressure on the commutator is 




Fig. 335.— Enlarged Section of Fort Wayne Verticaf Motor in Fig. 334. 



maintained by the use of a flat phosphor-bronze spring t, 
the tension of which is adjusted by a self-locking thumb- 
screw fe working on a threaded post or cap screw p attached 
to the brush-holder body. This threaded post or cap screw 
also serves as a tightening screw which clamps the brush- 
holder body firmly on the brush-holder stud. 
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loio. Illustrate and describe a series-wound motor. 

A Crocker- Wheeler aeries-wound motor of four-pole en- 
closed construction is shown in Fig. 337, and the same type 
of motor is shown open in Fig. 338, The field coils m, n, etc., 



I Motors shown in Figs. 332, 333 

are held in place by heavy metal flanges c, e, etc., inde- 
pendent of the pole pieces which are bolted to the frame. 
The top half of the frame can be removed as shown in 



Fig. 337. — Crocker- Wheeler Series Motor. 

Fig. 338 without disturbing the armature a. The frame is 
of steel, octagonal in shape, with a large hand hole H, Fig. 
337, at each brush-holder stud. There are only two sets of 
brushes, b and d, Fig. 338, and the brush holders are of 
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ru^ed conBtmetion to withstand heavy jars and vibration, 
the motor throughout being designed for severe and trying 
dnty such as driving rolling mills and similar machinery. 



Fig. 338.— Series Motor with Top Half lifted Off. 
An extension ia provided at each end of the armature shaft 
BO that a pinion can be used at either end and a brake at 
the other. The bearings are of the ring oiling type, each 



Fig. 339. — Crocker-Wlieeler Series Motor with Solenoid Brake, 
having a large oil ring j suitably placed in grooves to dis- 
tribute oil over the surface of the bearings when the armature 
shaft revolves. 
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loii. Show a series-wound motor equipped with a 
brake. 

Pig. 339 is a series-wound Crocker-Wlieeler motor equipped 
with a Bolenoid electric brake for operating crane hoists 
where it is necessary to stop quickly. The solenoid is shown 
at M and comprises a eoil of heavy wire which, when excited 
with the main current of the motor, attracts an iron plunger 
A' into it, and through a system of levers C forces the brake 
shoe R out of contact with the shaft or drum wheel W. When 



the solenoid magnet is not excited, the action of the spiral 
spring maintains a strong pressure of the brake shoe on 
the drum. The arrangement is such that while there is a 
strong force acting to hold the shoe against the drum and 
a strong pull is necessary to release it, a very small effort is 
necessary to hold the brake open. 

I0I3. Illustrate and describe a compound-wound motor. 

A compound-wound motor in which the series-field coils 
are placed on pole pieces separate from those containing 
the shunt-field coils, is shown in Fig. 340. This Crocker- 



ELECTRICAL CATECHISM 



Wheeler machine ia called a commutating pole motor, the 
eommutating poles being the series ones referred to above, 



Fig. 341. — Magnet Frame of Commutating Pole Motor in Fig. 340. 

and which are clearly shown at C, S, etc., in Fig. 341, midway 
between the six shunt poles A, E, etc. 

The effect of the commutating poles is to produce a sup- 



Fig. 342.— Bipolar Motor made by the Crocker- Wheeler Company, 

plementary magnetic field of sufficient strength to counteract 
the disturbing influence of that magnetic field which is set 
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up by the current in the windings of the armature. They 
also supply sufficient magnetism to commutate the current, 
being wound with heavy wire connected in series with the 
armature. As the strength of the field created by the com- 
mutating poles is therefore proportional to the load current, 
the motor should operate without sparking from no load to 
a heavy overload without shifting the brushes. 

1013. Are bipolar direct-current motors manufactured? 
Yes ; but mostly in sizes below 7J horse-power. For higher 

power, multipolar construction is followed. 

1014. Illustrate and describe a bipolar motor. 

A Crocker-Wheeler shunt motor of this type is shown in 
Pig. 342. It is made in nine sizes from 1/16 to 7^ horse- 
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power and for operation on 115, 230, or, in all except the 
two smallest sizes, on 500-volt circuits. 

Referring to Fig, 343, which shows the various parts sep- 
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arately, the poles are cast solid with the frame and the pole- 
shoes are laminated. The latter are fastened to the poles by 
screws, holding the field coils in place. The armature core 
is also laminated and keyed directly to the shaft. The anna- 



Fig. 344. — Paper Pulley for Small Motors. 

ture coils are formed, taped, varnished and baked before 
inserted in the insulated slots on the periphery of the core. 
The brush studs pass through the front bearing bracket but 



are insulated therefrom by porcelain bushings which are held 
in place by type metal applied in molten form. Nuts are 
provided on the projecting ends of the brush studs, making 
them serve the purpose of terminals as well. 
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1015. Are not paper pulleys sometimes used on small 
motors? 

Yes ; the General Electric Company uses them entirely on 
their small belted direct-current motors up to i horse-power. 
One of their paper pulleys is shown in Fig. 344, They claim 
for it a high eoefflcient of friction and practically no slip, 
thereby reducing belt tension and lowering the first cost and 
maintenance expense of both the belting and the mechanical 
transmission. Paper pulleys are, of course, lighter in weight 
than metal ones and, as a rule, are more accurately balanced. 



Fig. 346.— Half Yoke and Pole Piece of Motor in Fig. 345. 

1016. In what respect does the motor in Fig. 345 differ 
from other direct-current motors? 

Chiefly in its Jleld-magnet construction. Only one field- 
magnet coil is used to energize the poles. 

1017. Describe the peculiarities of construction of the 
motor in Fig. 345. 

Its fleld-magnet frame consists of two steel castings a and 
c, each casting being approximately a hemispherical shell, 
provided with an internally projecting oblique magnet pole, 
as shown in Fig. 346 at n. The two halves of the magnet 
frame when bolted together completely enclose and protect 
the single magnet coil, which embraces and magnetizes both 
the oblique poles. The construction of the brush holder is 
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clearly shown in Pig. 347. This maehine is built by the 
Sprague Electric Works. 

1018. In what form are Sprague motors of larger size 
built? 
Ab shown in Pig. 348. The frame consists of a cylindrical 



Fig. 347. — Brush Holder and Armature of Motor in Fig. 345. 

yoke m. Pig. 349, to the inner side of which the poles n, s, 
etc., are bolted, each pole carrying a magnet coil r. Cast 
steel is used for the yoke in the smaller sizes and cast iron 



Fig. 348. — Six-Pole Motor made by the Sprague Electric Works. 

for the larger sizes. Cast-iron brackets b, which contain the 
bearings, are bolted to each 6nd of the yoke, the front bracket 
carrying the brush rocker arm. 
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The brush holdera, shown separately in Fig. 350, are of 
the box type in which the carbon brushes slide and are 
pressed against the surface of the commutator by flat, ad- 
justable spiral springs u. A flexible copper lead i electrically 



Fig. 349,— Yoke and Magnet Poles of Motor in Fig. 348, 

connects each brush with its holder. The cast-iron rocker arm 
that carries the insulated studs upon which the brush holders 
are mounted, is supported on a machined seat on the inside 



Fig. 350, — Brush Holder Stud and Brushes of Motor in Fig. 348. 

of the front bearing bracket. The brush holders are ad- 
justable along the studs, parallel to the shaft. 

1019. Show a motor adapted for the operation of very 
large machinery. 
The 250-hor8e-power three-bearing motor in Fig. 351 is 
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adapted for heavy work of this nature or for furnishing the 
entire motive power in a large manufacturing eBtablishment. 
It is a Western Electric compound-wound machine of inter- 
pole construction for 115, 230, or 550-volt circuits and runs 
at slow or moderate speed. 

Each brush-holder stud carries five brushes, and their posi- 
tion around the commutator is adjusted by turning the hand- 
wheel w, the shaft of which gears into the rocker arm. The 
bearings are self-alining and self-oiling, and are supported 



as shown, upon pedestals of heavy construction to prevent 
vibration and noise. 

Full load is carried continuously with a temperature rise 
not exceeding 40 degrees Centigrade on the windings and 
45 degrees Centigrade on the commutator. An overload of 
25 per cent, may be carried for two hours, with a maximum 
temperature rise of not over 60 degrees Centigrade on the 
commutator and 55 degrees Centigrade on the armature and 
field. Fifty per cent, overload may be carried momentarily 
without injurious heating or sparking. 



ALTERNATING-CURRENT MOTORS 

PRINCIPLES GOVERNING THEIR ACTION 

1020. How does an alternating-current motor differ in 
construction from a direct-current motor? 

The chief difference between them is the absence of a 
commutator in the synchronous alternating-current motor. 

102 1. Explain how an alternating-current motor operates 
without a commutator. 

A commutator is used on a direct-current generator to 
convert the alternating current developed in the armature 
winding into direct current, and in a direct-current motor 
to change the direct current again into alternating current 
for use in the armature. Suppose, now, the armature wind- 
ings of a direct-current generator and of a direct-current 
motor be connected together with their commutators omitted. 
Apparently, the same conditions would exist as with the use 
of the commutators, but that is not entirely true. The motor 
would run satisfactorily only when the alternating impulses 
from the generator caught the armature coils of the motor 
systematically in the same positions in which reversal would 
be accomplished by a commutator. Consequently, for a cer- 
tain speed of the generator the impulses will be efficient only 
when the armature of the motor is revolving at such a speed 
that each coil passes its proper reversal point simultaneously 
with each reversal of the generator current. With the same 
number of poles on both generator and motor, this condition 
will be satisfied only when both are running at exactly the 
same speed, at which time they are said to be ** in step " or 
** in synchronism "; hence a motor so operating is called a 

** synchronous " motor. 

561 
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1022. If the number of poles on the motor is not the 
same as on the generator, will the motor operate satis- 
factorily? 

Yes; when the speed of the motor is such as to satisfy 
certain conditions. 

1023. What conditions are referred to in Answer 1022? 
The number of field-magnet poles on the motor, multiplied 

by the speed of the armature in revolutions per minute, must 
be equal to the number of poles on the generator multiplied 
by the speed of its armature in revolutions per minute. For 
example, if an 8-pole generator, running at 1200 revolutions 
per minute, supplies current to a 6-pole motor, the motor 
must run at 8 X 1200 -f- 6 = 1600 revolutions per minute. 

1024. Is the speed of a synchronous motor expressed in 
other terms than the speed of the generator and the number 
of poles on the machine? 

Yes ; but the speed and poles of the generator determine 

the matter after all. The speed of the motor in revolutions 

per second is numerically equal to the frequency of the 

supply current divided by half the number of poles on the 

motor. Representing the frequency in cycles per second by / 

and the number of field-magnet poles by p, 

2/ 

— ^ z= speed of motor in revolutions per second. 

P . 

The frequency, however, is equal to half the number of 

poles on the generator multiplied by the revolutions of its 

armature per second. 

1025. Are there any disadvantages inherent in the syn- 
chronous motor? 

The synchronous motor possesses several disadvantages, one 
of which is its inability to start from rest without additional 
assistance. It is usual, therefore, to start a synchronous 
motor unloaded or very lightly loaded by some means so 
that its speed is such that it will be in step with the generator 
suppljdng it, before closing the circuit between them. 
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1026. What other disadvantage has a synchronous 
motor? 

A second disadvantage is that its field strength must bear 
a definite relation to the load. So long as the load is no 
greater than the torque of the motor is sufficient to pull, 
the motor, after being properly started, will continue to run 
at synchronous speed. However, the moment the drag due 
to the load exceeds that exerted between the magnet poles 
and the armature, the speed will decrease and the motor 
will drop out of ** step.'' 

1027. What should be done when a synchronous motor 
is out of step? 

The motor should be cut off from the supply circuit at 
once and the load removed until the motor has been started 
again. 

1028. For what purposes is a synchronous motor best 
adapted? 

For work where there is a constant load to be driven at 
a uniform speed. For all purposes where 100 horse-power 
or more is required continuously for many hours at a time, 
as for example in pumping stations, the synchronous motor 
is very useful. 

1029. What are the advantages of the synchronous 
motor? 

It can be adjusted to be practically non-inductive in opera- 
tion, or to act like a condenser of large capacity, causing 
the current to lead the impressed electromotive force and 
thereby compensating the inductance in the circuit and im- 
proving the power factor; when supplied with current at 
constant frequency and proper voltage, it maintains actually 
constant speed unless subjected to an excessive load. 

1030. What are the principal features of difference be- 
tween the operating conditions of a synchronous motor and 
those of a direct-current motor? 

The field magnet of a synchronous motor is separately 
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excited and therefore can be kept constant regardless of 
changes of load. When the load increases, more current is 
necessary in the armature to keep up the output, but if the 
frequency remains constant the counter-electromotive force 
of the motor cannot be decreased by decreasing the speed, 
as is the case with a direct-current motor ; the speed is strictly 
constant. The increase in current is obtained by the auto- 
matic shifting of the phase relation between the motor and 
the alternator supplying it. Under light loads the counter- 
electromotive force of the motor is nearly opposite in phase 
to that of the impressed electromotive force, and but little 
current flows through the armature of the motor; as the 
load increases, it momentarily retards the armature until its 
counter-electromotive force becomes shifted in phase far 
enough from exact opposition to the impressed electromotive 
force to allow sufficient increase in the current through the 
motor to pull the additional load. When this condition is 
attained there is not any further tendency for the armature 
to slip, and it will remain in exact synchronism with the 
generator, but with the armature lagging behind the position 
of exact phase opposition at any instant of time. 

103 1. What would happen if a synchronous motor were 
heavily overloaded? 

Its armature would be dragged further and further behind 
the phase of the impressed electromotive force until it finally 
fell out of step ^ then it would stop running. 

1032. Is there any other type of alternating-current 
motor besides a synchronous motor? 

Yes; the principal other type is the induction motor. 

1033. What are the distinguishing features of the induc- 
tion motor? 

An induction motor differs from a synchronous motor in 
the construction of its field magnet or stator, in not requiring 
separate field excitation and in having its armature current 
induced in the conductors instead of being supplied directly 
from an external circuit. 
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1034. What are the features of construction of an induc- 
tion motor? 

The induction motor consists principally of two parts, one 
stationary, the other movable. The former is usually the 
primary or ** field " member, composed of a laminated iron 
core carrying a winding very similar to that on the armature 
of an alternating-current generator. The moving part is 
the secondary or armature member, consisting of a laminated 
iron core carrying heavy conductors which lie in longitudinal 
slots and are connected together at the ends with copper 




Fig. 352. — Diagram illustrating the Principles of Operation of In- 
duction Motors. 

rings securely riveted and soldered in place. The primary 
circuit is supplied with alternating current, and this induces 
currents in the armature conductors, which currents react on 
the magnetic field set up by the primary winding and thereby 
cause rotation of the armature. 

1035. Illustrate the principle of operation of the induc- 
tion motor by means of a diagram. 

Referring to Fig. 352, which shows a 12-pole field magnet 
wound so as to produce three sets of four poles each, it will 
be evident that if each set of coils, s, n and m, be supplied 
from one phase of a three-phase circuit, the poles mm mm 
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of the polarities shown resulting from one phase, would be 
immediately followed in point of time by the poles nnnn 
of the same respective polarities resulting from the next 
phase, and these by the poles ssss from the third phase. 
There would result, therefore, a rotation of the axis of the 
magnetic field, producing what is commonly termed a rotary 
field. 

The armature a, sometimes called the rotor, consists of a 
large number of uninsulated copper bars r, running length- 
wise through the periphery of the armature core and elec- 
trically connected to each other at each end by a copper ring 
c. The currents induced in these armature conductors by 
any one set of poles bear such relation to the poles produced 
by the next phase as to develop an effective torque, and the 
armature a will consequently start from rest with con- 
siderable torque and quickly speed up under the magnetic 
attraction exerted upon it. 

1036. If the field winding be supplied with single-phase 
current, will the armature rotate? 

Not unless it is started up by some outside force; this is 
due to the fact that a single-phase current will not produce 
a rotary field while the armature is at rest. After it is 
brought up to normal speed, the magnetic field set up by 
the armature conductors reacts on the magnetic field of the 
stator to produce a rotary resultant field. 

1037. Has the type of armature shown in Fig. 352 any 
special name? 

It is called a ** squirrel-cage " rotor on account of its 
mechanical construction. 

1038. Can induction motors be operated with any other 
kind of armature ? 

Yes; there is another kind which is wound somewhat like 
the field or stator coils, but with insulated copper conductors 
of relatively large size. If the motor has to start with a 
heavy load, as in the case of elevator and hoist motors, this 
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winding is preferable. By carrying the armature terminals 
out to slip rings and using brushes on them, an external non- 
inductive starting resistance can be used. 

1039. What is gained by using a non-inductive starting 
resistance? 

It gives the motor a high torque with a comparatively 
small starting current, making it possible to start the motor 
at full load running torque with an armature current not 
much in excess of that required at full speed. This it does 
by advancing the phase of the armature current so that it 
is in a better instantaneous position with respect to the stator 
poles. 

1040. Cannot motors with squirrel-cage armatures be 
made to start with considerable torque? 

They can, but they require much greater starting current 
than those of the other kind. 

1041. How may the speed of the rotating field be caf- 
culated? 

The speed of the rotating field in revolutions per second 
is equal to the frequency of the supply current in cycles 
per second, divided by one-half the number of magnetic 
poles produced by each phase of the supply current. Thus, 
in a three-phase four-pole motor, there would be four mag- 
netic-field '* poles " produced by the current in each phase, 
and if the supply current had a frequency of 60 cycles 
per second, the speed of the rotating field would be 
60 -f- 2 = 30 revolutions per second. The speed of the arma- 
ture is more or less below the speed of the rotating field. 

1042. Can the speed of the armature ever become equal 
to that of the rotating field? 

No; in order that the electromotive force induced in the 
armature conductors may be sufficient for the resulting cur- 
rent to produce the required torque for rotation, the arma- 
ture must always run below synchronous speed; that is, the 
speed of the armature must be less than that of the rotating 
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field. The difference between these two speeds, expressed 
as a percentage of the speed of the rotating field, is called 
the ** slip '* of the motor. 

1043. What determines the amount of slip in an induc- 
tion motor? 

The load. As the load on the motor increases the slip 
increases, and as the load on the motor diminishes so also 
does the slip. It is evident, however, that the value of the 
slip can never become zero on account of the friction of 
the bearings, etc., but at no load it is so small that the speed 
of the armature is usually taken as equal to that of the 
rotating field. At full load the slip is such that the armature 
speed is from 2 to 10 per cent, less than the speed of the 
rotating field, according to the size of the motor. 

1044. How does an induction motor operate under vary- 
ing loads? 

Very much like a direct-current shunt-wound motor. In 
both, the armature current and torque depend upon an im- 
pressed and a counter-electromotive force; in the direct- 
current motor the impressed electromotive force is supplied 
from the line wires through brushes, while in the induction 
motor it is induced by the current in the field winding. The 
speed of both types varies inversely as the load varies. In the 
induction motor the torque varies as the square of the applied 
voltage, while the torque of the shunt-wound motor is prac- 
tically independent of the applied voltage. On the other 
hand, the speed of the induction motor is not affected directly 
by variations in the applied voltage, while that of the direct- 
current motor is controlled by the applied voltage. 

1045. What methods are employed for controlling the 
speed of an induction motor? 

The speed may be controlled in three ways: By varying 
the impressed electromotive force, by varying the armature 
resistance or by changing the connections of the field winding. 
In the last method the speed is increased by changing the 
winding so as to increase the number of poles and is de- 
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creased by changing the winding so as to decrease the num- 
ber of poles. The use of the second method requires a 
specially wound armature, but this method provides the most 
■efficient means of varying the speed. The first method is a 
decidedly inefficient one and is inferior to the other two 
methods because it controls the speed by affecting the torque 
of the motor. 

1046. How is the direction of rotation reversed? 

By reversing the direction of the current through one 
branch of the field winding. This is easily done by reversing 
any two of the supply wires connected to the field winding. 

1047. Is the rotating field always produced by the sta- 
tionary member of an induction motor? 

Not necessarily. The revolving member may be made the 
primary, using collector rings and brushes to connect it ^ith 
the line, and the short-circuited armature winding would 
then be on the stationary member. The rotating field would 
tend to draw the short-circuited member around after it, 
but as that member would be held stationary, the moving 
member would be pulled around in a direction opposite to 
that in which the magnetic field would rotate. Such a motor 
would have no important advantage and the serious disad- 
vantages of moving contacts and revolving high-voltage 
windings. . 

1048. What are the disadvantages of the induction 
motor? 

The greatest disadvantage is its low power factor, which 
entails a larger current for a given voltage and output than 
other motors. This in turn causes a greater loss in the lines 
and necessitates greater station capacity. Furthermore, the 
lagging current taken by an induction motor makes difficult 
the regulation of voltage on the circuit. 

1049. In what respects does a single-phase induction 
motor differ from a polyphase induction motor? 

The outward appearance is about the same and the princi- 
ples of construction are identical. The single-phase motor 
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has a somewhat lower efficiency and power factor, and when 
running with no load, a single-phase motor takes considerably 
more current than a polyphase motor. 

1050. What method of starting is used with single-phase 
motors? 

A device frequently used consists of an inductive coil or 
a condenser in series with a special starting winding on the 
motor. This arrangement causes the current in the special 
winding to be out of phase with the current in the regular 
winding, converting the machine temporarily into an unsym- 
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Fig. 353. — Curves of a Single-Phase Induction Motor, showing Aver- 
age Values of Efficiency, Power Factor, Speed and Current at Different 
Loads. 

metrical sort of two-phase motor having sufficient torque to 
start the armature without load. 

1051. What are average values for the efficiency, power 
factor, speed and current at different loads of a small single- 
phase induction motor? 

A general idea of these values may be obtained from the 
four curves in Fig. 353, which were plotted from a test of a 
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3-horse-power 114-volt single-phase induction motor. The 
scale along the base line represents percentages of full load ; 
the vertical scale at the left gives the values of eflSciency 
and of power factor ; and the vertical scale at the right refers 
to speed in revolutions per minute and current in amperes, 
the former near the top and the latter near the bottom of the 
diagram. Reference to the diagram shows that at half load 
(50 per cent, of full load) the speed was 1740 revolutions per 
minute, the efficiency 77.5 per cent., the power factor 77 per 
cent, and the current 21 amperes. At full load (100 per cent.) 
these values were 1720, 70, 81 and 41.5 respectively. 

1052. Can the full-load current of an induction motor be 
calculated? 

It can if the voltage, power factor and efficiency of the 
motor are known. If / = full-load current per wire, H.P. = 
horse-power of motor, E = voltage at the motor terminals, 
p = power factor and e = efficiency, then for a single-phase 
motor 

746 XH.P. 
Epe ' 
for a two-phase motor 

j_ 373 X H,P. 
Epe ' 
and for a three-phase motor 

^ _ 430.7 X H.P. 
~~ Epe 

SELECTION 

1053. What general considerations should govern the 
selection of a motor? 

Its material and workmanship should be of the best quality, 
solid and durable. The various parts should be of ample size 
for the work assigned to them, as otherwise the machine will 
be inefficient and will require frequent repairs. A machine 
with a good finish is very seldom poorly constructed, and it 
is also much easier to keep clean and attractive. As far as 
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possible the various parts of the motor should be plain, simple 
and interchangeable; complicated parts, unless they have 
already been tried out and have proved their standard worth, 
should be viewed with suspicion. Th€ connectors and other 
small parts should be arranged so they cannot readily become 
loose and normally exposed to injury. 

1054. How about the form and weight of a motor? 
The motor should be symmetrical ; that is, the parts should 

not project abnormally so as to give the machine an awkward 
appearance. A very high or very flat machine is both awk- 
ward in appearance and clumsy to handle, and is therefore 
undesirable. To afford stability, the large and heavy parts 
should be as low as possible. If the shaft is high above the 
base, there will be considerable vibration which, of course, 
is objectionable, yet it must not be so low as not to afford 
sufficient room for the proper operation of the belt, or other 
attachment. A low shaft on a horizontally belted machine 
is liable to cause trouble by reason of the belt striking the 
floor. The weight of a motor for stationary use should be 
sufficient to secure stability. Freedom from vibration, steadi- 
ness of operation, strength and durability are largely depend- 
ent upon ample weight. 

1055. What special features regarding the revolving 
member are worthy of notice? 

It should turn easily in its bearings and be perfectly bal- 
anced. If it is not well balanced there will be a noticeable 
vibration of the machine when running at full speed. The 
end play or movement lengthwise of the shaft in the bearings 
should be from 1/16 to ^ inch, and there should be at least 
^ inch between the surfaces of the revolving and stationary 
members. The peripheral speed of the revolving part, that is, 
the speed at its circumference, should not ordinarily exceed 
3000 feet per minute. 

1056. How is the peripheral speed estimated? 

By measuring the circumference of the revolving member 
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in feet and multiplying it by the speed of this part in revolu- 
tions per minute. 

1057. What special features regarding the frame are 
worthy of notice? 

The frame should be designed so as to afford easy access to 
the windings within it. To facilitate moving or lifting the 
motor, there should be an eye-bolt screwed into the top of 
the frame. 

1058. Should a motor be chosen with a large or small 
margin of capacity? 

It is advisable for a motor to have a considerable margin 
of capacity in view of future requirements. As the motor 
consumes power only in proportion to the work it is doing, 
there is practically no disadvantage, except the slight addi- 
tional first cost, of having the capacity of a motor 2 or 3 per 
cent, greater than that actually required at the beginning. 

INSTALLATION 

1059. What consideration should govern the location of 
an induction motor? 

It should be placed where it is easily accessible for inspec- 
tion, oiling, cleaning and repairs. It must not be exposed 
to moisture, leaky steam pipes or dirt and coal dust. It 
should receive proper ventilation and should be mounted so 
that there is suflficient distance between its pulley and the 
pulley on the machine driven by it to permit the belt to drive 
efficiently and without excessive tension. 

1060. What kind of foundation is most desirable? 

A heavy timber or a concrete foundation is best. It should 
be sufficiently heavy and so well bonded that there will not 
be vibrations when the machine is running. The foundation 
of the motor and of the driven machine should set with respect 
to each other so that the two shafts are parallel, in order 
that the rotor or rotating parts of the induction motor may 
** float " in the bearings. 
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1061. In lining up a belted induction motor with the 
driven pulley, what special precautions should be observed? 

The position of the motor with respect to the driven machine 
should be such that the belt will be tight enough to run with- 
out slipping, but not so tight that the bearings become unduly 
heated.' The crowns of the two pulleys should be as nearly 
as possible alike to prevent the belt from wabbling ; the great- 
est diameter should be at the center of the pulleys so that the 
belt will travel true and allow the rotor shaft to float. The 
belt must be free from grease and dirt, else it is likely to slip 
and flap, and the edges of the belt must stretch equally or 
there will be an objectionable sidewise movement of the belt on 
the pulleys. 

1062. In alining a direct-connected induction motor, 
what special precautions should be observed? 

The shafts of the machines to be coupled must be in perfect 
alinement with each other, and this alinement must be main- 
tained by building the foundations so that they will not settle 
or vibrate. 

1063. If the motor is to be geared to its load, what 
points should be considered? 

The shafts must be carefully adjusted to parallelism and 
set the specified distance apart. The pinion should fit securely 
on the motor shaft, but not so tightly that it cannot be 
forced on or oflf with moderate pressure. If the pinion is 
driven on by heavy blows with a ram or sledge, the rotor 
conductors are liable to be jarred out of place and suffer 
damage. 

1064. If i^ ^s desired to use the motor in other than an 
upright position, what changes are necessary? 

Ordinarily, induction motors are made so that the only 
change necessary for operating them in other than an up- 
right position is the shifting of the bearing brackets either 
90 degrees or 180 degrees as the case may be, in order that 
the oil wells shall remain in their proper position. 
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1065. Are there any special precautions to be observed 
when shifting the bearing brackets? 

Care must be taken to replace them so that the rotor is 
properly centered. The air gap between the rotor and the 
pole faces must be the same at all points. 

1066. In assembling an induction motor just received 
from the factory, what points should be given special at- 
tention? 

The bearings and oil wells must be carefully wiped clean 
and the shaft rubbed with oil before being put into place. 
Only the highest grade of dynamo oil should be used in 
the bearings and they must be filled to such a height that the 
surface of the oil comes above the lowest edges of the oil 
rings. The oil rings must revolve freely and carry suflScient 
oil to flood the bearings. 

1067. In wiring up an induction motor, how is one to 
know what size conductor to use ? 

The size of conductor to use is, of course, determined by 
the amount of current the motor requires. The full-load 
current for an induction motor is usually stamped on the 
name-plate. When it is not there, the builder should be asked 
to specify it. 

1068. What should be the capacity of the conductors 
and fuses in the motor circuit with respect to the full-load 
motor current? 

For ordinary service the conductors and fuses should have 
a capacity IJ times the full-load current. Where elevators or 
hoists are operated by the motors or wherever heavy starting 
duty is required of them, the capacity of the fuses should be 
2^ times the full-load current. 

1069. What size of conductor would be necessary for 
wiring up a two-phase induction motor, requiring 43 am- 
peres, for ordinary service? 

The capacity of the conductor, according to Answer 1068, 
should be IJ X 43 amperes = 64.5 amperes. Eef erring to 
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the table on page 20, showing the carrying capacities of cop- 
per wires, it will be found that a No. 4 B. & S. gage rubber- 
insulated conductor is the smallest size that will safely carry 
this current. 

1070. What size fuse should be employed in a three- 
phase motor circuit if the motor requires 13 amperes at full 
load and is to be used as a hoist? 

According to Answer 1068, the fuses should be rated at 
2i times 13 amperes ; that is, they should be capable of carry- 
ing 2.50 X 13 = 32.5 amperes, without melting. Eeferring 
to Answers 689 and 695, a ribbon form of fuse rated for 35 
amperes in either the open or enclosed ferrule contact form 
would answer the purpose. 

OPERATION 

1071. Are the starting conditions of different induction 
motors about the same? 

No, they differ widely. Some start with full-load current 
and full-load torque, while others require two or more times 
their full-load current in starting under similar conditions. 
Two-phase and three-phase induction motors start with a 
higher torque and lower current than do single-phase induc- 
tion motors. 

1072. What is objectionable about a large starting cur- 
rent? 

It is highly inductive and has very bad effects on the 
regulation of the supply circuit. 

1073. In the operation of an induction motor, how may 
the starting current be kept down? 

By inserting resistance in the rotor circuit at the time of 
starting or by starting the motor on a voltage lower than 
the normal line voltage. 

1074. Is extra resistance necessary in starting an induc- 
tion motor? 

It is necessary with all single-phase motors and with poly- 
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phase motors required to start under considerable load. Small 
polyphase motors and large ones not required to start under 
load can be started by simply closing the main-line switch; 
in these, the simple '* squirrel-cage " form of rotor winding 
is sufficient. In the others it is necessary to modify the 
'* squirrel-cage " type as explained in Answer 103& to ^erif^V 
the use of a starting resistance. 

1075. Explain the resemblance between the 'fttartthg.ccifl-' 
ditions of an induction motor and those of a shunt-wound 
direct-current motor when starting resistance is used. 

These types of motor behave very much alike. If the field 
and armature of a shunt-wound motor are both switched on 
the supply circuit at once, the armature, on account of its 
comparatively low resistance, takes a relatively large start- 
ing current and its magnetic reaction against the field cuts 
down the starting torque. The large starting current is, of 
course, lowered, and the torque is increased as soon as the 
armature speeds up, but if, as is customary, a resistance is 
inserted in the armature circuit at the time of starting, the 
results are much more satisfactory. So in the case of an 
induction motor a resistance inserted in the rotor or arma- 
ture circuit at the beginning enables the motor to receive 
its magnetizing current and start with a good high torque. 
As the motor speeds up, the starting resistance in the rotor 
or armature circuit is cut out, as in the case of a shunt-wound 
motor. 

1076. How is the operation of the starting resistance 
made easy in many modern types of induction motor? 

By having the starting resistance mounted within the rotor. 
As the rotor speeds up after starting, a sliding collar on the 
shaft, actuated by means of a hand lever, cuts out the start- 
ing resistance and short-circuits the rotor circuit. 

1077. What other common forms of starting device are 

used? 

In some induction motors the starting resistance is sepa- 
rate from the machine and is introduced in the armature 
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circuit through brushes pressing upon contact rings to which 
the rotor winding is connected. A multiple-pole double-throw 
switch is wired in this circuit and is closed in one direction 
to start and then thrown in the opposite direction after the 
armature has reached its normal speed. This switch is usu- 

•.^lytfliarlied *' Starting " and ** Running " to designate the 
two operatiug positions. 

: "^TheFr^'is^^lso an *' oil-immersed " type of starting device 



'. ^hase 1 



Phase 2 




Fig. 354. — ^Arrangement for Starting a Two-Phase Induction Motor at 
Low Voltage. 

which comprises a hand-wheel or lever controlling a revolving 
type of switch which nlakes the required connections in 
proper sequence. The various positions of the switch are 
shown by an index plate which indicates the ** starting/' 
*' running '' and '* stop '' positions. The hand-wheel or lever 
of this switch should be moved slowly from the ** starting " 
to the ** running " position to allow the armature gradually 
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to reach normal speed without an excessive rush of current 
through the machine. The switch should always be left either 
on the ** running '' or the ** stop '' position. 

1078. Is any special arrangement necessary for starting 
an induction motor on a lower voltage than normal? 

Step-down transformers are used for this purpose. For 
a two-phase motor they are connected as shown in Fig. 354. 
In starting, the four-pole switch d is closed on the right-hand 
contacts, which introduces the two step-down transformers at 



Three Phase 




ETDD. 




Fig. 355. — ^Arrangement for Starting a Three-Phase Induction Motor 
at Low Voltage. 

m in circuit. When the motor c is up to speed, the switch d 
is closed on the left-hand contacts. This cuts out the step- 
down transformers and applies the line voltage directly to 
the motor. 

1079. How should the step-down transformers be con- 
nected for starting a three-phase motor? 

It is advisable to use three transformers connected in 
*' mesh '* through a three-pole switch, as represented in Fig. 
355. As in the previous case d represents the switch, m the 
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transformers and c the motor. If one transformer breaks 
down, it may be cut entirely out of circuit and the motor 
operated at a reduced load on the remaining two while the 
injured one is being repaired. In this case, the. voltage of 
each transformer should be the same as the voltage from wire 
to wire of the line. 

It is possible to carry the full load of the motor on only 
two transformers, but in this case t?ie capacity of each trans- 
former must be 173 per cent, of the capacity of each of the 
three transformers when three are used; hence there is no 
great saving, if any, in first cost, and the certainty of a 
complete shutdown if one transformer fails to work properly. 

io8o. What should be the capacity of the step-down 
transformers with respect to that of the induction motor? 

The total capacity of the transformers, in kilowatts, should 
equal the horse-power capacity of the motor. 

1081. When is the resistance method of starting induc- 
tion motors preferred to the low- voltage method? 

Where a very large starting torque is required, as in ele- 
vator or hoisting work, the resistance method is always used. 
In factories where the motor starts only the shafting and the 
load comes on subsequently, the low-voltage method is 
satisfactory. 

1082. Is there any other method of starting an induction 
motor with a good torque? 

Yes, by lowering the frequency of the applied current ; be- 
cause with a reduced frequency there is not as great a slip 
at low speeds. This method is not as common as the other 
two because it is not always practicable to reduce the fre- 
quency received from the line. It is practicable, however, 
when two induction motors are used. 

1083. Show a diagram which illustrates this last method 
applied to two induction motors. 

Fig. 356 illustrates this case. The stator winding of the 
motor 6 is connected in series with the rotor of the motor a, 
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which consequently starts with a strong torque. The motor 
6 receives its current at a reduced frequency and therefore 
starts also with good torque. 

1084. How is one to know the kind of work that can 
economically be performed by an induction motor? 

An induction motor works well where it can run at full 
speed with a load that requires to be started only occasionally. 




Fig. 356. — ^Arrangement for Starting an Induction Motor at Low 
Frequency. 

It will usually be economical and satisfactory when applied 
to the same kind of work that could be done well by a direct- 
current shunt-wound motor. When working at or near full 
load and at constant speed, the efficiency and power factor 
of an induction motor are at their best: 
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10S5. In what respect is an induction motor preferable 
to a synchronous motor? 

It requires less attention. 

ro86. What effect does an induction motor have upon 
the current in the circuit on which it is running? 

It causes the current in the supply circuit to lag behind 
the voltage and therefore impairs the power factor of that 
circuit. 

1087. What effect does a synchronous motor have upon 
the current in its supply circuit? 

It produces a leading current if working under a steady 
load and with strong field excitation. If, therefore, syn- 
chronous motors are connected to the same line with induction 
motors the leading currents produced by the former tend to 
neutralize the lagging currents produced by the latter. 

1088. In starting an induction motor by the resistance 
method, what precaution should be observed regarding the 
starting resistance ? 

Care must be taken before closing the main switch to see 
that the starting resistance is not short-circuited ; if the start- 
ing resistance is short-circuited, the motor will take excessive 
current from the line and it may not start at all. 

1089. How long should the starting resistance be left 
in the motor circuit? 

Only during the starting period. As the motor comes up 
to speed the resistance should be gradually cut out, and each 
step of the cutting-out process should be only of such dura- 
tion as will permit the motor to come up to the maximum 
speed for that step. At the final step, the rotor winding is 
practically short-circuited through the brushes. The total 
time for starting should not exceed thirty seconds. 

1090. When resistance is used for controlling the speed 
of an induction motor, cannot this resistance be left in 
the armature circuit as long as desired? 

Yes, because this resistance is especially designed to carry 
the full current continuously. 
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1091. What effect upon the normal output of an induc- 
tion motor has the resistance generally used for speed con- 
trol? 

A motor designed for 50 per cent, speed control usually 
has a resistance of ample capacity to i*educe the speed to 50 
per cent, of normal without affecting the normal full-load 
torque. The horse-power output of the motor at the lower 
speed is therefore 50 per cent, of the normal output and 
varies in about the same proportion for other speeds less 
than normal. 

1092. If an induction motor fails to start, what may be 
the cause of the trouble? 

A broken wire or faulty connection. The current fails or 
is shut off at the station. Excessive friction in the bearings. 
A blown fuse. The main switch open. A heavy overload. 

1093. Ill case the motor stops during operation, where 
may the trouble usually be found? 

The same defects given in Answer 1092 will cause a motor 
to slow down or stop during operation. 

1094. What important points must be considered in the 
operation of induction motors in which the starting resist- 
ance is introduced in the armature circuit through contact 
rings and brushes? 

The contact rings should be kept clean. The brushes 
should make proper contact with the rings when the armature 
is at rest and should be clear of them when the armature has 
reached its normal speed. New brushes should be installed 
as soon as there is any danger of the brush holders striking 
the rings, and the brushes should be sand-papered to the 
shape of the ring so there will be contact over their entire 
face. Failure to do this will cause poor contact and serious 
sparking, which soon pits the rings and necessitates turning 
them down to a smooth surface. A little sparking at the 
brushes and some noise when starting, however, should not 
occasion alarm, as this lasts but a short time and ceases when 
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the armature has come up to speed and the contact between 
rings and brushes broken. 

1095. If it becomes necessary to take out the armature, 
what precautions should be observed in handling it? 

Do not pick up the rotor with a sling, unless it has a strut 
or spreader, Fig. 318, to keep the rope or chain from injuring 
the winding. Do not take out the rotor and set it on the floor 
without placing a thick, heavy pad under it, or else sup- 
porting it by blocks under the shaft so that the rotor core is 
clear of the floor. 

1096. What mechanical defects may cause trouble? 
The bearings may become worn and need renewing, in which 

case the rotor may strike the stator core. The bearings may 
become scratched and roughened by grit or dirt in the oil. 
If any such foreign matter is seen, the bearings should be 
cleaned and the oil renewed. In no case should old oil be 
used without filtering it. 

1097. What special attention should be given the start- 
ing switch or handle ? 

It must not be left in the ** starting " position while the 
motor is connected to the circuit. It must be placed in the 
** off " position when the motor is shut down. 

1098. Is water or oil injurious to the windings? 

It is, and it should not be allowed to accumulate on them. 

1099. What is frequently the cause of oil coming in con- 
tact with the windings? 

Leaky bearings caused by the oil being too high in the bear- 
ings, the armature shaft not being level or the end plate on 
the bearings not being properly sealed. 

TYPICAL MODERN FORMS 

1 100. Are all induction motors of the same general type 
of construction? 

There are two general types of induction motors according 
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to the eonstruction of the rotor: the equirrel-cage rotor type 
and the wound-rotor type. 

iioi. Which type is the simpler in construction? 

The sqiiirr el-cage type, in which the rotor consists merely 
of a slotted core carrying copper conductors emhedded in the 
slots and electrically connected at the ends to heavy copper 
rings, one on each end of the core. In the wound-rotor type 



Fig. 357. — Stator ot Induction Motor partially Wound, 

the rotor is equipped with a winding which is connected in 
series with a dead resistance for starting and afterward short- 
circuited. In some motors slip rings and brushes are era- 
ployed for making connection between the winding and the 
starting resistances ; in others the resistance is mounted within 
the rotor and adjusted by means of a rod or lever, and in still 
others adjustment is obtained by shifting the brushes on the 
rings, which then become short-circuited. . 

II03. Illustrate and describe the construction of the 
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principal parts of ttie squirrel-cage and wound-rotor ma- 
chines. 

The stator frames of both motors are of cast iron and in one 
piece, as shown in Fig. 357 at a. The feet m and n are broad 
and the frame is made so that there will be no springing; 



Pig. 358.— Typical Squirrel-Cage Rotor, 

this is necessary in all induction motors on account of the 
small clearance between the stator and the rotor. The lamina- 
tions, shown assembled at c, are of sheet steel, slotted to re- 
ceive the windings. The stator windings, shown at v, are 



Fig. 339. — Wound Type of Kotot during Process of Winding. 

wound in forms and individually insulated before being put 
in the slots. 

The rotor of the squirrel-cage type of motor consists of a 
spider n, Fig. 358, keyed to the shaft d and carrying a slotted 
laminated core r something like the armature core of a direct- 
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current machine. The rotor conductors consist of copper 
bars b placed in the slots formed by the laminations near the 
periphery. End rings s and s, formed from soft drawn cop- 



Fig. 360. — Wound Type ot Rotor Complete with Slip Rings, 
per, are securely fastened to the bars so as to give a strong 
mechanical joint and one of very low electrical resistance. 
The wound type of rotor is shown in process of construction 



Fig. 361. — Wagner Wound-Kotor Type of Polyphase Induction Motor, 
in Fig, 359, and in its completed form in Fig. 360, where 
the ends of the windings are connected to collector or slip 
rings k, I and h. Current is taken from the slip rings by low- 
resistance brushes, and leads as shown at o in Fig. 361 con- 
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nect the brushes with the starting resistance. In this Wagner 
polyphase induction motor the leads at e are from the staler 
winding. 

1103. Do not the staters of diFFerent types of induction 
motors differ in construction? 

No. If the supply current is the same, the statora of the 
different types of rotors are all of the same general con- 
struction. 

1104. Show the starting resistance for a slip-ring type of 
induction motor. 

Fig. 362 shows a dial form of starting resistance for a small 



slip-ring type of induction motor. Connection with it is made 
at the three terminals near the bottom. 

1 105. Describe the construction of a rotor in which the 
starting resistance is mounted inside it. 

The reaiatanae consiata of eaat-iron grids enclosed in a tri- 
angular frame which is bolted to the end plates holding the 
rotor laminations together, and is short-circuited by metal 
bniahes sliding along the inside surfaces of the grids. The 
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brushes are supported by a metal aleeve sliding on the shaft 
which is operated by a lever secured to the bearing bracket 
and located just above the bearing. In motors of medium 
sizes, a rod passing through the end of the shaft, as shown at 
c in Pig. 363, operates the short-circuiting arrangement in the 
triangular frame m. 
For motdrs of over 50 horse-power, cylindrical coil resist- 



Fig. 3Q3, — Rotor with Selt-Contained Starting Resistance. 

ances of German silver wound on edge are used. These coils 
are bolted 120 degrees apart to bosses on the spider hub, and 
are damped together by a ring on their front end. Two 
laminated metal brushes bear directly on each of these resist- 
ances and are supported on a yoke sliding on the shaft. The 
operation of this brush yoke is similar to that described for 
the cast-iron grid resistance, a lever being employed for this 
purpose. 

iio6. Illustrate and describe the method used in shift- 
ing the brushes on the slip rings to short-circutt the start- 
ing resistance. 

Details of the brush shifting device are shown in Fig. 364. 
The component parts are the hand lever A, the toggle lever C, 
the connecting link E F, and the forked main shifting lever D. 
The hand lever is mounted on one end of a shaft B, at the 
other end of which is placed the toggle lever C. This latter 
is connected to the main shifting lever D by the connecting 
link E F, one part of which screws into the other. The jaws 
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of D which work in the groove of the brush sleeve K are pro- 
vided with rollers G to minimize the wear of the lever jaws 
and the brush sleeve during the starting period. 

The limit of travel inward is set by the lower end of the 
toggle lever C striking a pad on the arm of the bearing 
bracket. In the end of C is a pin H which is pressed out- 
ward by a spring J. During the operation of starting, this 
spring is compressed by the pin bearing on the pad. As soon 
as the pressure of the hand is removed from the hand lever, 




Fig. 364. — Brush Shifting Device used to Short-Circuit the Starting 
Resistance. 

the spring expands, pushing the levers backward so that the 
rollers are central in the brush sleeve groove when the rotor is 
in its central position, that is, with the end play equally 
divided between the bearings. A 75 horse-power General 
Electric induction motor equipped with this device is shown 
in Fig. 365. 

1 107. What are the points of difference between the 
different types of induction motor? 

The squirrel-cage type is the simplest in construction and 
the most substantial, because the rotor conductors are massive 
rods or bars, permanently connected to heavy rings at the 
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ends of the core and there is only one conductor in each slot. 
There are no sliding contacts, brushes or switches in the ma- 
chine, and it therefore requires the least amount of eare. 

The wound type with the resistance mounted on the rotor 
is the next simplest, considering the complete motor and con- 
troller as a unit, but the motor itself is not so simple and 
rugged as the wound type with separate resistance, because 



e Induction Motor equipped ^itli 

the slip rings and brushes are naturally less liable to derange- 
ment than the resistance and short-circuiting switch or lever 
mounted on the rotor. 

1108. How do the three types compare in operation? 

The squirrel-cage type requires a much larger starting 
current than the others and has less torque during the start- 
ing and accelerating period. The wound type with contained 
resistance and starting switch takes more starting current and 



592 ELECTRICAL CATECHISM 

gives less starting torque than the wound type with external 
controller, because there is not room for sufficient resistance 
and switching equipment to put it on equal footing with the 
other motor, which is not limited in these respects. 

nog. For what classes of service should the different 
types of induction motors be chosen? 

The squirrel-cage motor is best adapted to service where 
it can run continuously, where expert attention is not avail- 
able, or where the heavy starting current is not a disadvan- 
tage. It should not be put in where a motor must start up 
with the load on it. 

The wound types are preferable under conditions where 
frequent starting and stopping are required, and they are 
indispensable where this condition exists and incandescent 
lamps are supplied from the same circuit or bus-bars. As 
between the two kinds of wound-type rotors there is hot 
much choice; the contained resistance is usually put on mo- 
tors of small and medium sizes and the external resistance 
is used with large ones. Where a heavy load must be started, 
as with an elevator, the external resistance has the advantage, 
because of the greater space available. 

mo. Are commutators ever used on alternating-current 
motors? 

Yes ; commutators are used on some single-phase motors to 
make them start automatically under load when connections 
with the supply circuit are closed. An ordinary single-phase 
induction motor will not start of itself, like the polyphase 
motors previously shown, when current is passed through the 
stator winding. 

mi. Why is the ordinary single-phase induction motor 
unable to start itself? 

Because the magnetic field set up by the winding is sta- 
tionary and merely induces currents in the rotor conductors 
exactly as the primary winding of a transformer induces 
current in the secondary winding. The currents in the rotor 
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conductors do not react on the field in such a way as to cause 
the rotor to turn, and it must, therefore, be started by some 
external means. The single-phase commutator motor starts 
automatically, and with a fairly good power factor. 

II 12. For what kind of work is this commutator 
type of single-phase alternating-current motor particularly 
adapted? 

For driving machines up to about 5 horse-power either at 
constant, varying or adjustable speed. They are suitable for 
operating, at constant speed, machines demanding acceleration 
under full or overload torque such as air compressors, re- 
frigerating machines, bouse pumps, etc. They are also 
designed for running machinery whose operation demands 



Fig. 366. — Gkneral Electric Single-Phase Compensated Repulsion Motor. 

certain speed variation against approximately constant torque, 
such as printing presses; and for adjustable speed require- 
ments over a considerable range- where the speed at a fixed 
controller setting must remain practically constant at any 
load within the motor's rated capacity, such as in machine 
tools and similar apparatus. 

1113. Illustrate a single-phase commutator motor and 
describe the principles upon which it operates. 

A General Electric motor of this type is shown in Fig. 366. 
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While the stator is very similar to that of an induction motor, 
the rotor resembles the armature of a direct-current motor. 
Referring to Fig. 367, which is a diagram of its connections 
and windings, the armature or rotor is provided with a wind- 



Fig. 367, — Circuits ot a Compensated Bepulsion Motor, 

ing of the "two-circuit" drum type, connected to an ordinary 
commutator upon which press two sets of brushes E and C. 
The pair E, called the "energy" brushes, is permanently 
short-circuited and displaced at an angle to the lines of field 



or primary magnetization. The second set C, called the "com- 
pensating" brushes, is connected to a relatively small field 
winding which serves to induce in the armature an electro- 
motive force that tends both to raise the power factor and to 
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maintain approximately constaDt speed at all loads. By the 
use of a controller arranged to insert resistance or reactance 
in series with the energy and compensating circuits of the 
rotor, the speed can be adjusted over a range of 2 to 1, ap- 



Fig. 370. — Unwound Armature of Motor in Fig 3fl6. 

proximately one-half of this range below and one-half above 
synchronous speed. For example, if the normal speed is 1100 
revolutions per minute, a maximum of 1500 and a minimum 



Fig. 371. — Armature Core partly Wound. 

of 750 revolutions per minute can be obtained with the 
controller. 

1114. Will the speed be constant when changed by the 
insertion of resistance? 

The motor behaves like a compound-wound direct-current 
motor with resistance inserted in the armature circuit; loads 
within the motor's rated capacity have practically no chang- 
ing effect upon the speed at a given controller setting. 
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1 1 15. What kind of motor is the one just described? 

It is a compensated repulsion motor. This name is given 
to it because the motion of the rotor is due to magnetic re- 
pulsion between the current in the short-circuited part of the 
winding and the stator field, and the undesirable reactions 
in the rotor winding are neutralized or compensated by the 
auxiliary field set up by the small stator winding connected 
to the compensating brushes. 

iii6. Illustrate and describe the construction of this 
compensated repulsion motor. 

The unwound field frame, composed of laminations r as- 
sembled between cast-iron end flanges, b and d, is shown in 
Fig. 368. There are two field windings, — one comprising the 
main coils and the other the compensating coils. Both are 
shown in place in Fig. 369. The unwound armature is seen 
in Fig. 370, the steel laminated core for the coils being shown 
at c and the commutator composed of hard drawn copper seg- 
ments at t. Fig. 371 gives an idea of the armature winding, 
which is similar to that on a direct-current armature. The 
completed machine was shown in Fig. 366. 

11 1 7. Are there any other forms of single-phase com- 
mutator motor? 

Yes. There is a type of constant speed machine which acts 
as a repulsion motor while starting and is automatically 
changed to a simple induction motor when it reaches normal 
speed. 

1 1 18. Illustrate and describe the motor referred to in 
Answer 11 17. 

Fig. 372 is a view of a 20 horse-power Wagner motor of 
this type, and Fig. 373 shows the commutator end of the 
armature. A disk-shaped commutator is used and the brushes 
press horizontally against it, as may be seen from close inspec- 
tion of Fig. 372. The brushes are connected together elecr 
trically by the metal collar to which the brush holders are 
bolted, and are therefore practically short-circuited, but they 
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are so spaced with regard to the stator field poles as to pro- 
duce a strong repulsion eifect in the armature or rotor. This 
causes the motor to start, and when it has nearly reached 
its normal speed, the brushes are lifted from the commutator 



Fig. 372. — Wagner Single-Phase Commutator Motor. 

and the commutator bars are all short-circuited ; this changes 
the armature winding from the so-called repulsion tj'pe to 
what is practically the same (electrically) as a squirrel-cage 



■ Rotor ot Single-Phase Motor in Fig. 372, 

rotor. Then the machine runs as an ordinary induction 
motor. 

1119. How are the brushes lifted and the commutator 
short-circuited? 

By a centrifugal governor which works against a spring. 
The governor weights are located within the rear end of the 
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rotor spider, as shown in Pig. 374. By means of levers and 
links the governor weights slide the brushes away from the 
commutator and at the same time press a short-circuiting 
ring against the back face of the commutator, connecting all 
the bars together. 

1 120. How does the governor mechanism move the 
brushes away from the commutator? 
A barrel slides along the shaft under the influence of the 



Fig. 374.— Pulley End of Rotor in Fig. 373. 

governor weights and the opposing spring; the governor 
weights move this barrel toward the commutator end of the 



Fig. 375. — Brush Rigging of Single-Phase Commutator Motor in 
Fig. 377. 

shaft and the spring moves it in the opposite direction; The 
collar to which the brush holders are bolted is cup-shaped, 
as shown in Fig. 375, and inside this collar a brass ring 
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" floats " between the ends of the bruah-holder fingers (which 
project into the cup through slots} and the end of the sliding 
barrel on the shaft. When the speed is high enough for the 
centrifugal force in the governor weights to overcome the 
opposing spring, the barrel is pushed against the ring in 
the brush-holder collar; and the ring, pressing on the ends 
of the brush-holder fingers, pushes the brushes away from 
the commutator. The brush mechanism here shown is the 
one used on the Century motor illustrated in Fig. 377. 

II2I. How is the stator winding of the motor in Fig. 
377 arranged? 

Exactly like that of an ordinary single-phase induction 
motor. Fig, 376 is a picture of the stator and rotor, from 



ind Rotor of a Single-Phase Motor similar to that 

which it is evident that the stator core consists of slotted 
rings mounted in a circular frame or housing, and the wind- 
ing is of the distributed type used in all induction motors 
of appreciable size. The machine here illustrated has four 
groups of coils which produce four magnetic poles on the 
inner face of the core. 
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II22. Is it necessary to use a commutator to make a 
single-phase motor start automatically? 

No. A single-phase motor can be made to start without 
using a commutator if it is specially designed to operate in 
GOOJuQCtioQ with certain conditions. 



1123. What method is used in place of a commutator to 
make a single-phase motor start itself? 

An auxiliary stator winding is provided which produces a 
magnetic field that is out of phase with the field produced by 
the main winding. The result is a sort of rotating field some- 
what like that produced in a polyphase motor, but not so 
uniform or regular in its variations. This rotating field serves 
well enough to start the rotor, however, if there is no load 
on it while starting, and after it has reached about 75 per 
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cent, of its normal speed the load is picked up by the auto- 
matic action of a centrifu^l clutch. Fig. 378 shows a motor 
of this kind. 

1 124. Describe the construction of the motor in Fig. 
378. 

The rotor is of the ordinary smooth core squirrel-cage type. 
The stator is of the same general construction as that of the 
ordinary three-phase induction motor, consisting of a formed 
' coil winding with three taps taken off it, as shown at A in Fig. 
379. These -are wired, as indicated diagrammatically in 
Fig. 379, through a starting box B and main switch C to the 
supply wires of the circuit mn. 



In starting, the switch C is closed and the arm r of the 
starting box is placed on the contact 0, which is connected 
through a resistance d with one of the taps of the stator wind- 
ing and through a reactance h with another of the taps of 
the stator winding. The current entering at « is therefore 
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changed into currents of different phase with respect to each 
other before entering the stator winding and in passing 
through them combine to form a resultant rotating magnetic 
field which pulls the rotor around with it. After the rotor 
has attained a good starting speed the arm r is switched over to 




Fig. 379. — Connections for Single-Phase Motor in Fig. 378, showing 
Method of Starting. 

the contact v and the machine operates as a single-phase in- 
duction motor. 

The automatic clutch which picks up the load when the 
speed reaches a certain amount is shown in Fig. 380 mounted 
on the near end of the rotor. It consists of a band 1 1, mounted 
on the rotor p, so that when p is in place on the shaft /, the 
band fits inside the pulley y. The centrifugal force is suffi- 
cient at 75 per cent, normal speed of the motor to spread open 
the band against the action of the spring s so that the band 
rigidly engages with the inside of the pulley and causes it 
to rotate and pick up the load. 

1 125. What are the advantages and disadvantages of 
single-phase motors over two-phase or three-phase motors? 
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A single-phase motor requires only a single transformer 
and two lead wires; this makes for a lower installation cost 
and smaller transformer losses than with polyphase motors, 
which require additijonal transformers and lead wires, and espe- 
cially on a long transmission system the saving in copper wire 
is an important advantage. A single-phase motor can be 
supplied from any alternating current — single-phase, two- 
phase or three-phase. The self-starting type has the addi- 



tional advantage that it can be thrown on and oif the circuit 
from a distance by means of a simple knife switch. 

On the other hand, its first cost is higher owing to a more 
complicated arrangement for starting, and for the same rea- 
son it is more liable to trouble, usually weighs more and ha^ 
greater friction of moving parts ; its efficiency is also lower. 

1126. How are single-phase motors connected to two- 
phase circuits? 

If the circuit is of the proper voltage for the motor, it is 
connected directly to either of the two " legs " or phases of 
the circuit, but if the circuit is a high-voltage primary line, 
a transformer must be used between the line and the motor; 
in that case the transformer may be connected to either leg 
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of the supply circuit. Fig. 381 is a diagram showing these 
methods. The motor A is connected directly to a 110-volt 
lighting circuit which is supplied through a transformer from 
one leg of a two-phase primary circuit. The motor B is sup- 
plied through a transformer from the other leg of the same 
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Fig. 381. — Connections for Single-Phase Motors on a Two-Phase Circuit. 

primary line, and the motor C is connected to one leg of a 
secondary 220-volt circuit which delivers current also to a 
two-phase motor D. 

1 127. How are single-phase motors connected to a three- 
phase circuit? 

Each motor is connected to two wires of the circuit, either 
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Fig. 382. — Connections for Single-Phase Motors on a Three-Phase 
Circuit. 

directly or through a single transformer. Fig. 382 shows con- 
nections in which each motor is connected in the same way, 
relatively, as the motor bearing the same letter in Fig. 381. 
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1 1 28. Are there any disadvantages in the operation of 
single-phase motors on two-phase and three-phase circuits? 

Yes. Both two-phase and three-phase circuits should* be 
balanced as to the division of load between the different 
phases, and a single-phase motor operated on one phase or leg 
will unbalance the system. It is important, therefore, to 
have the same total motor load connected to both legs of a 
two-phase system or to all three legs of a three-phase system, 
and it is almost impossible to get such a division of load with 
a large number of single-phase motors on either of the sys- 
tems, especially a three-phase system. 



MOTOR-GENERATORS, DYNAMOTORS 
AND ROTARY CONVERTERS 

1 129. What distinction is there between these three 
types of machines? 

A motor-generator consists of a motor, either direct-current 
or alternating, direct connected to a direct-current or alter- 
nating-current generator, both motor and generator being 
usually mounted or arranged to be mounted upon a single 
base, as in Figs. 383-386. Of these possible combinations that 
of an alternating-current motor direct connected to an 
alternating-current generator is practically never used, be- 
cause a transformer would answer the purpose in a much 
cheaper and simpler manner. 

In a dynamotor, two armature windings are put on one 
core and a single field-magnet frame suffices, as in Fig. 387. 
One of these windings is a motor winding and the other a 
generator winding, and either or both of them may be for 
either alternating current or direct current. Two alternating- 
current windings are never used, however, for the same rea- 
son as above, namely, a transformer is simpler and cheaper. 

A rotary converter has only one armature winding, which 
is connected to a commutator exactly like a simple direct- 
current machine, but is also connected to collector rings like 
a closed-circuit alternating-current armature winding would 
be. A converter can either receive direct current and deliver 
alternating, or the reverse. It is not intended to deliver 
the same kind of current that it receives. 

1 130. Under what conditions are the different machines 
used? 

When there is considerable difference between the voltage 
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it is intended to deliver to the machine and that which it is 
desired to obtain from it, or when the delivered voltage must 
be varied considerably, the motor-generator type is preferable 
because of the better opportunity for insulating the high- 
potential circuit from the low-potential one, and because the 
generator voltage can be adjusted independently of the motor 
voltage. 

Motor-generators are extensively used as boosters in electric 
lighting. On long lines the drop of potential may be such 
as to make the voltage for lamps at a distance from the 
station too low for securing the same illumination as in lamps 
near the station. In such cases a motor-generator is con- 
nected at its motor end to the station bus-bars from which 
the main lines lead, and the field and armature windings of 
the generator are connected in the feeder circuit in series so 
that the field strength increases as the load on the feeder 
increases and the armature adds greater pressure in propor- 
tion. This boosting effect is made such that the added voltage 
is enough to compensate for the drop in the line wires. Motor- 
generators also provide direct current for storage battery 
charging, using the power furnished by alternating-current 
circuits in connection with garages, railway signal systems, 
etc. ; they also furnish direct current for arc lights in moving 
picture outfits or similar work where the flicker or noise of 
alternating-current arcs is objectionable. 

Dynamotors and rotary converters are more efficient, sim- 
pler in operation, more compact and cost less than motor- 
generators so that they are preferable when the voltage dif- 
ference is not great and the generator voltage does not need 
to be varied — widely. For charging storage batteries, fur- 
nishing ringing current in telephone exchanges, supplying 
current for testing or experimental work of various kinds 
in which no great flexibility of voltage regulation is re- 
quired, and for other purposes requiring small current out- 
put, the dynamotor is used. The use of the rotary converter 
is chiefly in substations where it converts the alternating cur- 
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rent sent from the central generating station into direct cur- 
rent for distribution. 

1131. Under the conditions just described, is there not 
a great difference between the alternating- and direct- 
current voltages handled by the converter? 

There would be considerable difference if the voltage of 
the incoming alternating current waa not reduced by means 
of step-down transformers before being applied to the rotary 
converter. There is a fixed ratio that exists at all times be- 
tween the alternating-current voltage and the direct-current 
voltage of a rotary converter, and the latter is always the 
higher, the proportion being given in Answer 1140. 

1 132. Describe briefly the differences between the 
motor-generators shown in Figs. 383 to 386. 

The motor-generator in Fig, 383 comprises a three-phase 
motor a and a direct-current generator c. The rotor of o 



AlterDating- 

and the armature of c are mounted on a common shaft, and 
as the two frames are fastened together to form a rigid 
self-contained structure, no sub-base is required and the set 
may be bolted directly to the floor or foundation. 

The motor-generator set in Fig. 384 comprises a direct- 
current motor d and a direct-current generator h. The frames 
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are riveted together. Both machines are of small size, the 
generator heing 13 kilowatts. Like the preceding set it is 
of Qeneral Electric make. 



I Direct-Current Motor 

The outfit in Fig. 385 is a Weatinghouse 50-kilowatt motor- 
generator set comprising a polyphase induction motor m driv- 



1 Induction Motor and 

ing a direct-current generator d. The machines are mounted 
on a substantial sub-base b which forms a part of the set. 
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The distmguisti™B features of the Crocker Wheeler set in 
Fig. 386 are the motor M, whieh is of the alternating-current 
synchronous type, and the generator G, which is a direct- 
current machine with commutating poles and delivers 1200 
kilowatts. 

1 133. Describe the machine shown in Fig. 387. 

This machine is a dynamotor with a direct-current motor 
winding and an alternating-current generator winding. It 



, Synchronous Motor 

is built to run as a motor on a direct-current circuit and de- 
liver alternating current for ringing purposes. The field- 
magnet coils m and n of the two-pole magnet a h are excited 
by direct current from the supply circuit. The direct current 
or motor end of the machine is at the left, as indicated by 
the commutator at c, and the alternating current or generator 
end of the machine is at the right, as indicated by the collector 
rings at u and r. The two windings on the armature s are 
electrically separate, although they are upon the same core. 
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1134. Describe the dynamotor shown in Fig. 388. 
This machine is provided with a direct-current motor wind- 
ing and a direct-current generator winding, the difference 



being only in voltages. It was built for charging small storage 
batteries, the voltage required for this purpose being usually 
much less than that of the supply circuit, from which the 



dynamotor is operated. The coils m and ft of the field magnet 
V b are excited with direct current from the electric light 



613 ELECTRICAL CATECHISM 

or power wires to which the machine is connected. The com- 
mutator c is on the motor end and the commutator a on the 
generator end, the hrushes d and e taking current from the 
service wires, and the brushes h and i delivering current for 
charging the battery. 

ii35> Are all rotary converters of the same type? 

No; there are two kinds of rotary converters: the direct- 
current field type and the induction field type. As the latter 
must be more carefully designed for the circuits on which 
they are to be run and are considerably more sensitive to 




I a Single-Phase Rotary Con- 

disturbances than the former type, the majority of rotary 
converters in commercial use are the direct-current field type. 
The field magnets of this type are similar to those of a direct- 
current dynamo; hence the name. 

1136. Show the armature connections of a rotary con- 
verter of the direct-current field type. 

Pig. 389 shows the armature connections of a single-phase, 
six-pole rotary converter of this type. The part A shows the 
alternating-current or motor side of the machine, and the part 
B shows the direct-current or generator side. These are 
opposite ends of the same armature and of the same set of 
magnet poles. Both the armature and the magnet poles are 
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wound as they would be for any direct-current, six-pole 
machine. 

The connections on the alternating-current side A will per- 
haps be best understood by referring first to a simple direct- 
current, two-pole generator. To convert this into a single- 
phase alternating-current motor, it is necessary merely to con- 
nect two diametrically opposite points of the armature wind- 
ing to two separate collector rings. In Fig. 389 there are six 
field-magnet poles instead of two as in the case just con- 
sidered, so that instead of joining two equidistant points in 
the armature winding to the collector rings, 3 X 2 or 6 
equidistant points around the armature are thus alternately 
connected to the two collector rings c and d. 

1 137. Explain the operation of the converter armature 
just described. 

With a single-phase alternating electromotive force applied 
to the collector rings c and d by means of the brushes press- 
ing on them, and with the field magnet excited, the armature, 
when once started, will continue to rotate and will run as an 
alternating-current motor. Part of the alternating current 
fed into the armature for running it is led to the commutator 
on the direct-current side B, and is converted into direct 
current in the usual way. This direct current passes through 
the brushes pressing on the commutator and thence to the 
outside circuit m h. By reason of the rotation of the arma- 
ture windings in the magnetic field, alternating electromotive 
forces are developed in them ; these electromotive forces, how- 
ever, oppose those applied at the alternating-current end. The 
current in the armature windings is due to the difference be- 
tween the alternating electromotive forces and the direct- 
current electromotive forces; it is therefore comparatively 
small and produces but little heat in these conductors. 

1 138. Are single-phase rotary converters generally used? 
They are seldom used on account of their inability to start 

themselves as alternating-current motors. Two-phase and 
three-phase and six-phase rotary converters are more satis- 
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) 

factory in this respect. They operate on the same principles 
as the single-phase converter, but two-phase converters have 
four collector rings connected so as to give two circuits 
through the armature winding under each pair of poles. The 
rings are connected to four equidistant points in each section 
of the armature winding covering the space spanned by one 
pair of poles. Three-phase converters have three collector 
rings connected so as to give three circuits through the arma- 
ture winding under each pair of poles. The rings are con- 
nected to three equidistant points in each section of the arma- 
ture winding covering the space occupied by one pair of 
poles. Six-phase converters are seldom used except in sizes 
above 500 kilowatts on account of the greater complication of 
transformers and collector connections. 

1 139. What other advantages have polyphase con- 
verters in addition to being able to start themselves? 

The average path of the current through the armature from 
the collector rings to the brushes is short, so that the armature 
resistance loss and the armature reaction are small, and the 
efficiency is high. On account of low armature loss in com- 
parison with that in direct-current generators of equal output, 
the load on a two-phase converter can be increased about 60 
per cent., and the load on a three-phase converter can be in- 
creased about 30 per cent., above their respective outputs as 
direct-current machines. 

1 140. What relation exists between the alternating vol- 
tage applied to the motor side of a rotary converter and 
the direct-current voltage available at the generator side? 

In either a single-phase or a two-phase converter the ap- 
plied alternating voltage is approximately 0.71 of the voltage 
on the direct-current side. In a three-phase converter the 
applied alternating voltage is approximately 0.61 of the direct- 
current voltage. In a six-phase converter it is 0.71 or 0.61, 
depending upon whether a diametrical or double mesh con- 
nection is used for the transformers. 



MOTOROENERATORS, DYNAM0T0R8, CONVERTERS 615 

1 141. To obtain direct current at 550 volts from a two- 
phase rotary converter, what alternating voltage must be 
applied ? 

According to Answer 1140, there must be 0.71X550 = 
390.5 volts. 

1 142. What direct-current pressure would be developed 
in a three-phase converter supplied from a 500-volt alter- 
nating-current circuit? 

According to Answer 1140, there would be developed 500 -— 
0.61=^19.7 volts. 

1 143. What effect has the frequency of the alternating- 
current circuit upon the design and operation of rotary 
converters? 

High frequency supply entails high peripheral speeds and 
narrow commutator bars, and these introduce serious diffi- 
culties in the mechanical construction. Frequencies of 40 
cycles, or better still 25 cycles, per second, give the most 
desirable results. 

1 144. Illustrate and describe the construction of a rotary 
converter. 

A Westinghouse six-phase rotary converter of 3000 kilo- 
watts output, is shown in Fig. 390. The six-phase alternating 
current is obtained by special connections of transformers 
supplied from a three-phase circuit, the advantage over a 
three-phase machine being a lower armature copper loss. 
The machine in Fig. 390 is self-starting and delivers direct 
current at 600 volts. 

In structural features it conforms so closely to the con- 
struction of direct-current generators that a detailed de- 
scription is unnecessary. In electrical details it is also very 
similar to those in direct- and alternating-current generators. 
The direct-current side of the machine is at the left and the 
alternating-current side at the right, although there is but one 
armature and field. The armature coils are cross-connected 
at points of equal potential, and taps leading to the collector 
rings at c are brought out from the armature winding, as 
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explained in connection with Fig. 389. Equalizer rings 
equalize the current flowing in the several armature circuits 
80 that a uniform density is secured beneath each pole piece 
to insure good commutation. The field magnets are compound 
wound, the heavy connections between the series coils being 



Fig. 390. — Westiiighouae Rotary Converter. 

shown at s, etc. The movement of the brushes on the com- 
mutator n is accomplished by means of the hand-wheel w 
which gears into the rocker arm. 

1 145. What means is available for the regulation of the 
direct-current voltage under varying load? 

Automatic regulation of the direct-current voltage under 
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varying load is possible within narrow limits by a properly 
proportioned series field winding and inductance, the latter 
either in the transtormer, or in choke coils installed between 
the transformer and the rotary converter. Non-automatic 
regulation can be obtained by the use of voltage regulating 
dial switches connected to taps in the transformer windings, 
or through potential regulators, induction regulators, syn- 
chronous regulators or altemating-Currenf boosters. Botary 



converters are also built with regulating poles to answer the 
purpose. 

1 146. Show a regulating pole rotary converter and ex- 
plain its principle of operation. 

Fig. 391 shows a General Electric machine of this type 
with ten poles. It has an output of 1000 kilowatts, a speed 
of 300 revolutions per minute and a range of voltage from 240 
to 300. 
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To explain its principle of operation, reference will be 
made to Figs. 392 and 393. Consider, first, the former of the 
two diagrams, where the regulating poles B are shown with a 
width equal to 20 per cent, of the width of the main poles M. 
Suppose that the machine at normal speed, with the main poles 
excited to normal density, but with no excitation on the regu- 




Fig. 392. — ^Diagram illustrating Principle of Regulating Poles ,in a 
Rotary Converter. 

lating poles, gives 250 volts direct current. Then with each 
regulating pole excited to the same density as the main poles, 
and with a polarity corresponding to that of the main pole 
in the same section between brushes, the direct-current volt- 




Fig. 393. — ^Diagram showing Actual Position of Poles on Machine in 
Fig. 391. 

age will rise to 300 volts at the same speed, since the total 
flux cutting the conductors in one direction between brushes 
has been increased 20 per cent. If, on the other hand, the 
excitation of the regulating poles is reversed and increased 
to the same density as that of the main poles, the direct- 
current voltage will fall to 200 volts, since in this case the 
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regulating poles give an electromotive force opposing that 
generated by the main poles. If the main field excitation is 
kept constant, the change in the excitation of the regulating 
poles to cause these results does not alter the alternating- 
current voltage. In practice it is not necessary to have so wide 
a range of voltage and it is found preferable to place the 
regulating pole closer to the corresponding main pole, as in 
Fig. 393; this construction is therefore followed in the ma- 
chine shown in Fig. 391, where the voltage range is 60 and 
the rotation of the armature is from the brushes toward the 
main poles, as indicated by the slant of the brushes in the 
diagram. 

1 147. How are rotary converters usually started? 

By applying alternating current directly to the collector 
rings, so that the converter starts as an alternating-current 
induction motor; or by means of a separate alternating- 
current motor connected to the converter shaft ; or by apply- 
ing direct current to the commutator so that the converter 
starts as a direct-current shunt motor. 

1 148. Describe in derail the starting of a rotary con- 
verter by applying alternating current to the collector 
rings. 

This method is applicable with polyphase converters, but 
not with single-phase converters. The field winding is open- 
circuited at several points by means of a suitable switch in 
order to reduce the strain on its insulation by limiting the 
voltage induced in the field winding by the alternating cur- 
rent in the armature. Self-starting rotaries are also gen- 
erally equipped with a switch for disconnecting the series 
shunt from the series field, during starting, so as to prevent 
the circulation of an induced current which would other- 
wise produce a braking efiPect. The direct-current side of 
the machine is disconnected from its circuit during the start- 
ing process, as the current produced is alternating until syn- 
chronism is reached. The moment of synchronism can be 
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judged by means of incandescent lamps connected across the 
leads from the brushes. When synchronism is reached, the 
lamps give a steady light. The field circuits may then be 
closed, the direct-current side connected to its circuit and the 
load thrown on. 

1 149. Describe the starting of a rotary converter by 
means of a separate alternating-current motor connected 
to the converter shaft. 

The motor used for this purpose is of the ** induction " 
type and is designed with a smaller number of poles than 
the converter, so that its normal speed will be higher than 
that of the converter and it will therefore be able to bring the 
converter up to synchronous speed. The converter armature 
is entirely disconnected from both the alternating-current and 
direct-current circuits, its field is excited and the induction 
motor is started^ up in the ordinary way. When the con- 
verter has been brought up to synchronism with the alter- 
nating-current circuit the switches in the leads to that cir- 
cuit are closed. The induction motor is thereupon cut out 
of circuit, leaving the converter running as a synchronous 
motor. Then the direct-current switches are closed. This 
method is desirable where the starting current must be kept 
as low as possible because of limited capacity of generator 
or transmission system. 

1 150. Describe the starting of a rotary converter by ap- 
plying direct current to the commutator. 

The converter is started as a shunt-wound motor. If the 
field magnet is compound wound, the series field must be 
opened, else the current fiowing in it will buck the shunt field 
and may even prevent the machine from starting. A strong 
field is given the converter in starting, and the current through 
the armature is gradually increased by means of a starting 
rheostat in series with the direct-current side of the converter. 
The speed of the converter is increased by means of the rheo- 
stat in th^ shunt-field circuit until the converter is in syn- 
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chronism with the alternating-current supply circuit, and 
when synchronism is established the main alternating-current 
switches are closed and the main direct-current switches 
opened. On account of the low resistance of the converter 
armature it is often a difficult matter to determine the exact 
instant when the proper phase relations are established, but 
if this has been correctly judged and the switches quickly 
thrown, the converter will immediately fall in step with the 
alternating-current circuit and run as a sychronous motor. 

1 151. When starting with an auxiliary induction motor, 
or in the manner last described, what means are employed 

Sapply Circuit 
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Fig. 394. — Synchronizing Connections of a Converter when starting 
as a Direct-Current Motor or by means of an Auxiliary Motor. 

to determine when synchronism between the converter and 
the alternating-current supply is established? 

Incandescent lamps connected as in Fig. 394 will show 
when the proper phase relations are established. With the 
lamps connected across one of the main alternating-current 
switches and either of the other two switches closed, the full 
lamp current will flow from the alternating-current circuit 
through the lamps and one branch of the armature winding, 
so long as the converter is motionless. When it is revolving, 
its electromotive force opposes the circuit electromotive force 



622 ELECTRICAL CATECHISM 

whenever the two are exactly in phase and agrees with it 
when they are opposed in phase. Consequently the lamps 
are lighted and extinguished alternately, as the converter 
speeds up, the flickering becoming slower as the converter 
approaches synchronous speed. At synchronism, the lamps 
remain dark; then the two open switches should be closed 
without delay. 

1 1 52. Would a slight variation in the frequency of the 
supply circuit cause any noticeable effect in the operation 
of a rotary converter? 

It would tend to cause a varying speed of the armature 
with respect to the impressed voltage. This objectionable 
feature is called hunting. 

1153. Can the hunting of rotary converters be prevented 
in any way? 

The tendency to hunt can be greatly reduced by increasing 
the inductance of the armature ; this is done by placing the 
armature windings in deep slots having teeth with projecting 
heads. Hunting can also be checked by providing the pole- 
faces with heavy copper grids that extend across them and 
are inbedded in slots. The grids serve as dampers to the 
hunting efiPect, their action being analogous to that of a dash- 
pot on an engine governor. 

1 154. Is it not customary to employ some device on 
rotary converters to produce end play? 

Yes, a device called an oscillator is generally used for this 
purpose because the armature shaft of a rotary converter will 
not of itself take on a back and forth movement in the bear- 
ings, as in other machines, and consequently the brushes are 
liable to wear channels in the commutator or collector rings 
unless some such device is used. 

1 155. Show an oscillator and describe its principle of 
operation. 

Fig. 395 shows one of these devices at a mounted on the 
end of the armature shaft. It consists of a steel plate with 
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grooved ball race and ball, backed by a spring. As the 
grooved plate ia mounted not quite parallel to the end of 
the shaft, the hardened steel ball is caught at the lowest point 
between the race and the end of the shaft. As the armature 
revolves, the ball is carried upward and the spring com- 
pressed. The reaction of the spring forces the shaft away 
and the ball falls back to its normal position. Thus a periodic 
longitudinal motion is imparted to the armature as it revolves 



Fig. 395, — Oscillator and Speed-Limiting Device. 

and uniform wear of commutator and collector rings is 
assured. 

1156. What is the purpose of the switch C, Fig. 395? 

It forms part of a safety device to prevent trouble in case 
the rotary converter exceeds its speed limit. Under normal 
conditions the switch is held open, as represented in Fig. 395, 
by a pivoted latch, but when the speed becomes too high the 
action of a centrifugal governor attached to the shaft trips the 
latch and releases a spring which closes the switch. The clos- 
ing of the switch completes an auxiliary circuit through the 
tripping coils of the circuit breaker in the direct-current 
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mains and thus opens the main eircait if the speed becomes too 
high. 

1 157. Can rotary converters be operated in parallel? 

Yes. If they are to be operated in parallel on the direct- 
current side, they are connected in parallel like shunt or com- 
pound direct-current generators. With compound-wound 
rotaries an equalizing connection, similar to that employed 
between series fields in direct-current generators, must be 
made between the machines. The load should be divided 
among the machines as nearly equal as possible either by regu- 
lating the alternating voltage, or by varying the field cur- 
rent, or, to a slight extent, by changing the position of the 
brushes on the commutator. When rotary converters are 
to be operated in parallel on the direct-current side and take 
their supply current from a single alternating-current sys- 
tem, separate transformers must be provided for each con- 
verter. A single set of transformers may, however, be used 
if there be separate secondaries for the converters. 

1 1 58. What should be done in case a rotary converter 
flashes over or the direct-current circuit breaker operates 
on account of excessive current? 

The deflection of the direct-current voltmeter needle should 
be noted to see that the field has not been reversed in po- 
larity. If the polarity has not changed, the defiection will 
be in the usual direction. If the polarity of the field has 
changed, there will be no defiection, or there will be a slight 
one backward, and the polarity must be reversed by remag- 
netizing the field magnets from the direct-current circuit. 
After a converter fiashes over, it should, if possible, be shut 
down for a moment and the commutator cleaned of any burs 
that may have resulted. 

1 1 59. In case the alternating-current circuit breakers 
operate, what should be done? 

The direct-current circuit breaker and switches should be 
opened, and the converter synchronized as in first starting. 
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1 1 60. If the power in the alternating-current circuit 
ceases, what should be done? 

Shut down the rotary converter immediately, opening all 
the switches. The synchronizing device should then be con- 
nected up so the lamps will light and thus show when the 
power is again ready for starting the converter. 

* 

1 161. How should a rotary converter be shut down? 
First, the direct-current circuit breakers should be opened, 

thus removing the load from the machine. Then, in turn, 
the direct-current switches, the alternating-current circuit 
breakers and the alternating-current switches should be 
opened. All the resistance should be introduced in the rheo- 
stat and the synchronizing device cut out of circuit. Before 
the converter stops, the commutator should be wiped off. 
Then the brushes should be examined and the whole machine 
cleaned thoroughly. 

1 162. Can a rotary converter be used for changing direct 
current into alternating current? 

Yes. It is then called an ** inverted " converter. The 
machine is separately excited and one rheostat is required in 
the converter field circuit and another in the field circuit of 
the exciter. The rheostat in the converter field circuit is used 
only in starting and should be cut out when the converter 
is in normal operation. 

1 163. Does the operation of an inverted rotary converter 
differ from that of a rotary converter as already described? 

Yes ; an inverted rotary converter does not operate at con- 
stant speed as in the previous case. Its speed depends upon 
the strength of its field magnet and consequently upon the 
reaction of the armature current upon the field so that it 
varies according to the alternating-current load. If this load 
be a heavy inductive one, the speed may become very high. 
This may, however, be prevented by exciting the converter 
from a generator driven by the converter, so that its speed 
varies with that of the converter. A change in the speed of 
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the converter will then cause a similar change in the excita- 
tion voltage and this, in turn, will produce a corresponding 
variation in the converter field-magnet strength. Care must 
be taken always to start an inverted rotary converter with 
load, as otherwise it is liable to run away. 

1 1 64. If a rotary converter be driven by outside me- 
chanical power, could it be used as a generator? 

Yes. It is then called a double-current generator, because 
it can supply both alternating and direct currents. The 
capacity of a machine thus operated is no greater than that 
of a direct-current generator of the same total output. This 
is true because the heating of the armature depends on the 
sum of the currents in it, and not on their difference, as when 
the machine is operated as a rotary converter. Separate field 
excitation alone is advisable for a double-current generator. 

1 165. Are double-current generators adapted for any 
particular class of work? 

Yes ; they are adapted for service where direct current can 
be employed in a certain district for a part of the day and 
alternating current used in some other district for another 
part of the day. The machine is then kept under practically 
constant load and takes the place of two different types of 
generators. 



INCANDESCENT LAMPS 

FILAMENT LAMPS 

1166. How is light produced in an incandescent lamp? 
By passing a current of electricity through a conductor 

so as to heat it white hot. The conductor that is heated is 
called the ** filament/' because it is in the form of a thread. 
The filament is made very small in cross-section in order to 
make its resistance high and thereby reduce the current re- 
quired to heat it. 

1 167. Does not the filament burn away rapidly because 
of being kept white hot? 

It would if exposed to the air, because substances heated 




Fig. 396. — Carbon Filament Lamp. 

to a burning temperature in air are readily destroyed by oxi- 
dation. In order to prevent this, the filament is mounted 
within a sealed glass bulb from which the air has been 
pumped out. 

1 168. What is the usual construction of the lamp? 

Most incandescent lamps follow the construction shown in 

Fig. 396. The lamp comprises three parts: a glass bulb, the 

filament and a metal base. 
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1 169. Of what is the filament made? 

The ordinary carbon filament is made of cellulose — a sticky 
substance made by dissolving absorbent cotton — ^which is 
forced through a small hole to give it the form of a thread. 
After being hardened, it is cut to the proper length, wound 
on a form to give it the proper shape and carbonized. 

1 1 70. What determines the thickness of the filament? 
The size of the hole through which the cellulose is forced. 

This is proportioned according to the required candle-power, 
voltage and current of the lamp filament. 

1 1 71. In what shapes are filaments made? 

In almost every conceivable shape. Some of the more com- 
mon ones are shown in Fig. 397, such as a plain loop a, a 









a b c d ' e f 

Fig. 397. — Different Shapes of Filaments used in Incandescent Lamps. 

circular loop b, an oval loop c, a double filament d, a triple 
filament e, or the shape may be that of a spiral as shown at /. 

1 1 72. How is the filament Supported inside the lamp? 

Two thin platinum wires c and e, Fig. 398, are fused 
through a small stem of glass which is solid at n but hollow 
at m, and the ends of the filament are fastened to c and e 
by carbon paste. Sufficient of this paste is used to prevent 
the heat of the filament, when the lamp is lighted, from harm- 
fully heating the platinum wires. To aiford additional secur- 
ity, the filament is anchored at a to a small platinum wire 
fused into the glass n. Small copper wires r and s are fused 
to the ends of the platinum leading-in wires c and e, for con- 
nection to the base. The glass stem w m is fused into the neck 
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end i, Fig. 399, of the lamp bulb and the air is pumped out 
through a small tubular extension c at the opposite end, 




Fig. 398.— Method of Supporting the Filament. 

after which the glass around the opening at c is fused to- 
gether, leaving a small tip projecting outward, as shown 
at d. 





Fig. 399. — Progressive Stages in the Construction of the Bulb. 

1 173. Why is platinum used for the leading-in wires? 
Because it does not corrode, and because the extent to which 
it expands under the influence of heat is practically the 



630 ELECTRICAL CATECHISM 

same as that of glass. There is therefore no danger of the 
glass becoming cracked or of its expanding away from the 
wires and allowing air to leak into the bulb. 

1 1 74. How is the base made? 

This consists of a coarse-threaded brass shell h, Fig. 400, 
in the center of which is a metal contact fastened to, but 
insulated from, the brass shell by a circular piece v composed 
of porcelain or of a hard rubber or fiber composition. One 
of the copper wires leading to the filament is soldered to the 




Fig. 400. — Nearby View of Base End of Lamp. 

brass shell of the base and the other wire is soldered to the 
center contact so that the two metal parts of the base form 
the terminals of the lamp. 

1175. How is the base fastened to the bulb? 

With plaster of Paris or cement. The rib i around the 
neck of the bulb, Fig. 399, prevents the glass from pulling out 
from the base. 

1 1 76. How much light does an incandescent lamp give? 
From i to 100 candle-power, and even more, according to 

the size of the filament. The smallest sizes are used only 
for special purposes, such as the decoration of rooms and 
the investigation by physicians of throat and nose conditions. 
The largest sizes are used for illuminating large rooms, 
halls, etc. 
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1177. In what sizes are incandescent lamps most gen- 
erally used? 

The common sizes are 8, 16, 32 and 50 candle-power, the 
standard size of filament lamp being 16 candle-power. 

1178. Are there other kinds of incandescent lamps in 
common use besides those just described? 

Yes. Besides the lamp with a cellulose or carbon filament, 
there is an incandescent lamp constructed exactly the same, 




Fig. 402.— Tungsten 
Filament Lamp. 

except that it has a metallized carbon filament ; it is called 
the Qem lamp, and the metallization of the carbon filament 
is produced by heating the ordinary treated carbon in an 
electric furnace to a very high temperature.. In addition to 
this are the metallic filament lamps, in one type of which 
the metal tantalum found in Europe is used for the filament, 
and in another type the metal tungsten which is produced in 
this country is used. As the methods of mounting these fila- 
ments differ somewhat from the method employed for the 
carbon and metallized carbon filaments, they are shown in 
Figs. 401 and 402, the former representing the tantalum lamp 
and the latter the tungsten lamp. 

1179. What is the object in making filaments of metal? 
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The metal filaments are much more efficient than the car- 
bon filament; that is, they give more candle-power for each 
watt of electrical power. 

1 1 80. How do the elEciencies compare? 

The efficiency of the present carbon filament requires about 
3 watts per candle-power of light; the corresponding Gem 
lamp with its metallized carbon filament requires 2.5 watts 
per candle-power ; the tantalum filament requires about 2 
watts per candle-power, and the tungsten filament about \\ 
watts ner candle-DOwer. 



watts per candle-power. 



1 181. If tantalum and tungsten lamps are so much more 
efficient than carbon lamps, are they not rapidly replacing 
them? 

Tantalum lamps were placed on the market in 1906, and 
tungsten lamps a few years later. At first, their filaments 
gave considerable trouble on account of their brittleness, espe- 
cially where there was vibration; in addition, sudden jars 
and rough handling dislodged the filament from its mount- 
ing and caused the loops to become tangled. Tantalum and 
tungsten lamps also cost considerably more than carbon lamps 
of equal candle-power, so that until quite recently the carbon 
lamp has held its own, but is now being rapidly replaced by 
the tungsten lamp, which through improvements in toughen- 
ing the filament and mounting it more securely has triumphed 
over the tantalum lamp as a competitor of the carbon. 

1 182. Why are metal filaments different in shape and 
mounting from carbon filaments? 

Owing to the comparatively low specific resistance of tan- 
talum and tungsten filaments, they must be made longer than 
carbon filaments in order that the total resistance of the fila- 
ment be high enough. This necessitates mounting the me- 
tallic filament upon spiders, each comprising a number of 
small hooks radiating from a glass support. The filament is 
loosely wound back and forth over these hooks so as to form 
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loops about 1 inch long in the tantalum lamp (see Pig. 401) 
and about 2 inches long in the tungsten lamp (Fig. 402). 

1 183. How long a time does the filament of an incan- 
descent lamp last? 

All of the filaments mentioned will last a long time if not 
subjected to jars or excessive vibration, but as the candle- 
power decreases with the length of service life, the so-called 
useful life is much shorter than the possible mechanical life. 
Up to the point where the candle-power becomes reduced 20 
per cent, (one-fifth of the original candle-power), the carbon 
filament has a life of from 400 to 500 hours, the metallized 
carbon filament about 600 hours, the tantalum filament about 
800 hours on direct current or 600 hours on alternating cur- 
rent, and the tungsten filament about 1000 hours on either 
current. 

1 184. As the filaments are in vacuum and cannot burn, 
why do they give out? 

They are weakened mechanically by the expansion and 
contraction due to the enormous rise of temperature when 
lighted and the corresponding drop when the current is cut 
off. There is also a slow reduction in the thickness of the 
filament due to minute particles becoming detached from 
the surface and deposited on the inner surface of the glass 
bulb by a sort of electrostatic action. 

1 185. Which of the incandescent lamps most closely ap- 
proach daylight in color values? 

The tungsten lamp, which by test gives 34 per cent, of day- 
light color. The tantalum gives 27 per cent., the metallized 
carbon 25 per cent, and the carbon 22 per cent. 

1 1 86. For what voltages a.re the usual types of incan- 
descent lamps made? 

Lamps for ordinary illumination are made for voltages 
ranging from 27 to 125 volts, but those most used are for 100 
to 125 volts, because that is the standard range of lighting 
circuits. 
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1187. How are incandescent lamps connected in circuit? 
It will be observed from the lamps shown that the bases 



Fig. 403. — Key Socket, shown Dissembled at the Left and Assembled 

at the Right 

are alike in construction and all of them will therefore fit 
the same socket. Except for a variation ia size, all inean- 



Fig. 404. — Pull Socket, showing Interior and Exterior Views. 

descent lamp bases in common use are made as shown, and 
are called Edison bases. The socket into which the lamp base 
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screws serves to bridge the gap between the lamp leads and 
the lamp and provides a means of introducing a switch in 
circuit for turning on or off the current through the lamp. 
The switch usually takes the form of a key, as shown in Pig. 
403, but sometimes of a chain, as in Pig. 404, consecutive pulls 
oh the chain alternately opening and closing the circuit. 

1 1 88. Show the inner construction of the key socket and 
explain how the key works. 

Comparing the dissembled view of the key socket in Pig. 




Fig. 405. — Sectional View of Key Socket, showing its Construction 
and Connection with the Lamp. 

403 with the sectional view in Pig. 405, where corresponding 
parts are lettered the same, it will be seen that p represents 
a porcelain block which serves as a foundation upon which 
the various parts are mounted; k is the key; s the brass 
threaded contact shell; 6 the lamp base; I the lamp; / a 
fiber lining which insulates the outer socket shell t from the 
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inner contact shell s; a the contact spring to which the lamp 
lead n is connected and which, when the lamp is screwed 
tightly in the socket brings n in connection with the center 
contact on the base of the lamp and consequently with one 
of the leading-in wires to the filament ; and c is the key con- 
tact which, when in the position shown, brings the lamp lead 
m in connection with the contact shell s, thence in contact 
with the remaining leading-in wire tQ the filament and so 



Fig. 406,— J-M Linolite Lamp. 
completes the circuit through the lamp. When the key k is 
turned at right-angles to its present positioil, c no longer 
makes contact with s and the lamp circuit is open. 

1 189. Are there any special forms of incandescent fila- 
ment lamps that do not Bt an Edison socket ? 

There is one called the J-M Linolite lamp, which is quite 
extensively used in desk, show window, bulletin board, pic- 
ture and show case lighting, that requires a special socket. 



Fig. 407, — Kellector containing Three J-M Linolite Lamps. 
This lamp, which is made by the H. W. Johns-Manville Com- 
pany, is shown in Fig. 406 and consists of a glass tube about 
one foot long and one inch diameter, through which a carbon 
or tungsten filament runs that terminates in metal caps at 
the ends, the caps forming the terminals of the lam.p. It is 
made in 16, 20 and 28 candle-power, and when a number of 
lamps are mounted end to end in a suitable aluminum re- 
fiector, as in Fig. 407, there results a practically continuous 
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line of light of any desired length. The sockets are simply 
spring clips, in which the metal terminal caps fit. The con- 
necting wires from the mains are led along inside the reflector, 
where they are attached to the spring clips and current is 
thereby supplied to the filaments for lighting them. 

1 190. How do incandescent filament lamps compare with 
other electric lamps as regards their adaptability to general 
conditions, care, etc.? 

Filament incandescent lamps require practically no atten- 
tion, except to wipe off the dust that naturally accumulates 
on the bulbs and cuts down theii: brilliancy. They and their 
sockets are as near fool-proof as it is possible to make an 
artificial illuminant, and if the lamps are replaced by fresh 
ones when they have served the number of hours given in 
Answer 1183 as their useful life, after which they gradually 
decline in candle-power, they will be found to give general 
satisfaction. Occasionally a filament may break, due to rough 
handling or old age, and . then, of course, a new lamp is 
necessary. 

As compared with arc lamps and other illuminants, the 
incandescent filament lamp requires less attention, having no 
electrodes to be renewed, gives a more agreeable light, creates 
no gas, consumes no air and causes no dirt. It burns steadily 
and evenly and is adapted to all positions and conditions. 
Its light is also more susceptible of concentration and direc- 
tion. Large tungsten filament lamps in diffusing globes are 
rapidly displacing the arc lamps for general illumination of 
interiors, and to some extent are displacing them in exterior 
lighting. When all costs are considered — installation, main- 
tenance and current — the expense is about the same in both 
cases. 

1 191. Why do some incandescent lamp bulbs have a 
frosted surface? 

To reduce the glare and more equally distribute the light. 
These advantages are gained, however, at the expense of light 
intensity and useful life. 
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1192. How is a lamp bulb frosted? 

Either by sandblasting or acid etching. The acid method 
is the one more commonly used. The mixing of the etching 
paste is comparatively simple, but as it is dangerous to handle 
and difficult to secure good results, the frosting is best done 
by the manufacturers, who wilt furnish frosted bulbs instead 
of clear glass ones at a slight advance in price. 

1193. How are colored lamp bulbs made? 

Either of clear glass superficially colored or of natural 
colored glass. The former have a dipping or coating of color 
applied to their exterior surface, in which case the color is 
not weatherproof; the latter are made from a permanently 
colored glass, and the color on these is weatherproof. 



Fig. 408. — Nemst Lamp and Globe removed from Holder. 
NERNST LAMP 
1194. Are there any other forms of incandescent lamps 
besides the filament types previously described? 
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Yes, The one most closely related to the filament lamp 
is the Nemst lamp, shown in Pig. 408. 

iigs. How is the light produced? 

By heating a high-resistance conductor in very much the 
same way as in the filament lamp. 

1196. What is tbe quality of the light given by the 
Nernst lamp? 

It gives a soft white light particularly well adapted for 
general illumination and decorative lighting. 



Fig. 406. — Burner of Nemst Lamp in Fig. 408. 

1197. What are the principal parts of a Nernst lamp? 
The glower, heater, ballast and cut-out, 

iigS. What is the glower? 

The glower is the conductor which is heated white-hot. It 
is shown at in Fig. 409. 

tigg. Of what is the glower made? 

It is composed of earthy oxides, such as thorium, zirconium 
and yttrium, mixed with suitable binding material. 

1200. How is the glower formed? 

Tbe pasty mixture of oxides and binding material is forced 
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through a die into the form of a small white porcelain-like 
tube, ranging in outside diameter from 1/64 to 1/16 of an 
inch and in lengths of ^ to 1^ inches. The tube is then baked 
to make it strong mechanically, and is finally cut to the proper 
length for the voltage to be used and closed at the ends. 
Platinum terminals are attached to the ends of the glower 
tube, after which a coat of oxides is put on as a protective 
covering against oxidation. 

1 20 1. What is the life of the glower of the Nernst lamp? 
About 600 hours on direct current, 400 hours on alternating 

current of 25 cycles, and 800 hours on alternating current 
of 60 cycles and higher frequencies. 

1202. What is the purpose of the heater? 

To raise the temperature of the glower, at starting, and 
thereby reduce its resistance. At ordinary temperatures the 
glower is of such high resistance that it is practically an 
insulator, but the resistance drops greatly when heated to a 
high temperature. To accomplish this the heater is mounted 
close above the glower, as shown at H in Pig. 409. 

1203. How is the heater made? 

Of fine platinum wire wound on a round cement-coated rod, 
which is mounted on a flat porcelain base. The rod is bent 
so that its several sections lie parallel to the glowers, and in 
this form is called a * * wafer ' ' heater. 

1204. Describe the construction of the ballast and the 
purpose it serves. 

After the temperature of the glower is raised by the heater 
until its resistance decreases enough to allow an appreciable 
current to flow, the heating effect of the current causes the 
resistance to continue decreasing, and thereby allows the cur- 
rent to increase. When the normal operating point is reached, 
the decrease in resistance becomes so rapid that unless a 
steadying resistance, or ** ballast " as it is called, is used in 
series with the glower, the latter would soon burn out. The 
*' ballast '' conductor increases in resistance as its tempera- 
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ture increases and so counteracts the decrease in the resistance 
of the glower beyond the normal working point. 

1205. How is the ballast made? 

It consists of fine iron wire mounted in a small glass tube 
about an inch in diameter and 2 to 3 inches long, containing 
hydrogen. The reason for this arrangement is that the iron 



wire ia kept at a very high temperature and must therefore 
be protected from the air to prevent oxidation and too rapid 
temperature changes. The ballast tube is mounted as shown 
at B, Pig. 410. 

1206. Why is hydrogen gas used for the ballast in prefer- 
ence to other gases? 

Because it will not attack the iron and is a very good con- 
ductor of heat. 

1207, Why is iron used for the ballast conductor? 
Because it is almost the exact opposite of the glower in 
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temperature characteristic ; that is, its resistance rises aa the 
temperature is increased and at almost the same rate as that 
at which the resistance of the glower decreases throughout the 
range of the operating temperature. 

1208. For what purpose is the cut-out used? 

As soon as the glower begins to take current, the current 
keeps the temperature up and the heater is not needed. In 
order to prevent deterioration of the heater and unnecessary 



Fig. 411. — Diagram of Nernst Lamp Circuits. 

loss of power, the automatic cut-out is provided to disconnect 
the heater from the circuit. 

isog. How is the cut-out arranged? 

An electromagnet with a movable armature is mounted, as 
shown at C, Figs, 410 and 411, and the armature is held 
by gravity in the closed position when not attracted by the 
magnet. The winding of the magnet is connected in series 
with the glower and therefore the magnet becomes energized 
as soon as current begins to flow through the glower ; then it 
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attracts the armature and opens the circuit through the 
heater. 

I2I0. In what sizes are Nernst lamps made? 

They are rated at 66, 88, 110 or 132 watts. 



Fig. 412. — Nemat Lamp, Complete. 

I3II. How much light is given by these different sizes 
in comparison with that of a i6-candIe-power carbon-fila- 
ment lamp? 
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The 66-watt lamp is equivalent in illuminating* power to 
three 16 candle-power filament lamps, the 88-watt lamp to 
four, the 110-watt lamp to five and one-half and the 132-watt 
lamp to seven. 

1 212. Explain the parts of the Nernst lamp shown in 
Fig. 410. 

In this drawing the socket shown at A takes the fitting on 
the end of the ballast tube B: the automatic cut-out is located 
at C, the glower socket at D and the heater terminal contact 
at E. The screw plug F fits in the standard Edison lamp 
socket. The structure shown in the two views in Fig. 410 
in section is the upper part of the complete lamp shown in 
Fig. 412. 

COOPER HEWITT LAMP 

1 2 13. Are there any other forms of incandescent lamp? 
Yes; there is one more general class known as vapor-tube 

lamps. Fig. 413 shows the Cqoper Hewitt direct-current mer- 
cury vapor lamp, which is one of this class. 

1214. Describe the construction of the mercury vapor 
lamp. 

It comprises a clear glass tube N about an inch in diameter 
and from 20 to 50 inches long, in which is a small quantity 
of mercury. This, tube, like the filament-lamp bulb, has the 
air pumped out and is sealed. The mercury is held in the 
iron cup C at the right end of the tube and serves as the 
positive electrode. The negative electrode is in the glass 
bulb A at the left end of the tube. Platinum wires sealed 
in the glass carry the current to the electrodes. The current 
passing from one electrode to the other vaporizes some of 
the mercury, and it is this vapor which emits the light. The 
inner surface of the reflector S is finished in smooth, white 
porcelain. 
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The part M, shown separately in Fig. 414, contains two 
induction coils N and L, and an adjuster resistance B by 
means of which the current is regulated according to the 
voltage of the supply. For lamps connected in series, a shunt 
resistance T and a cut-out are also included. The binding 



Fig. 413. — Cooper Hewitt Mercury Vapor Lamp. 

posts X and ¥ are for the leads to the tube, and the binding 
posts P and F are for connection to the supply wires. 

1915. How is this lamp lighted? 

By closing the switch controlling the circuit and then 
pulling down the chain B, Fig. 413, attached to the left end 
of the holder. This tilts the tube and pours the mercury out 
of the cup C along the tube. The stream of mercury is thus 
momentarily made to connect the electrodes and the breaking 
of this continuous stream lights the lamp. When the chain 
is released, the tube and reflector return to their normal 
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position by reason of the greater weight at the right end in 
the iron cup C. 

1216. Is no provision made for automatically relighting 
this lamp in case of an interruption of the current supply? 

Provision for automatic relighting is made only in the 
automatic type of Cooper Hewitt direct-current lamp shown 



Fig. 414. — Mechaniam of Mereury Vapor Lamp in Fig. 413. 

in Pig. 415, the tilting being here aeeomplished by means of 
an electromagnet in the part D. When the circuit 
is closed through this lamp, the current flows through the 
electromagnet which tilts the tube for lighting. This auto- 
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matic tilting is desirable in places where it would be difficult 
to reach the chain by hand ; and it also insures the relighting 
of the lamp in ease there is a momentary interruption of the 
current supply. 

1217. In the lamp shown in Fig. 415, are the two tubes 
connected in series or parallel? 

In series. 




Pig. 415. — Double-Tube Mercury Vapor Lamp. 

iai8. What is the rated candle-power and what the ef- 
ficiency of the lamp shown in Fig. 413? 

The candle-power is 300 and the efficiency is 0.64 of a 
watt per candle-power, 

1219. Is the mercury vapor lamp made for alternating- 
current circuits? 

Yes. The mercury vapor lamp for alternating-current 
circuits differs somewhat from the direct-current lamp. The 
principal difference is in the auxiliary part, which contains 
a transformer for supplying the proper voltage to the tube 
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electrodes, two choke coils, a shifter consisting of a small 
glass vessel fitted with two electrodes and eontaining a small 
quantity of mercury for lighting the tube, and the shifter 
resistance. 

I330. How often must the glass tubes of mercury vapor 
lamps be renewed? 

After about 3750 hours of service. 

I22I. What kind of light does the lamp give? 

A greenish- colored light which has great penetrating power, 
. It enables printed matter to be read with unusual ease and 
brings out with great clearness the fine markings on steel 
rules, and small scratches and defects on other bright metals. 

MOORE LAMP 
1422. Is there any other form of vapor-tube lamp? 
Yes. The Moore lamp shown in Pig, 416 is classed as a 



Fig. 416, — Moore Vapor-Tube Glow Lamp, 
vapor lamp because light is produced in it by passing an 
alternating current through carbon dioxide gas contained in 
a glass tube from which the air has been pumped out. 

1223. What kind of light is given by the Moore lamp? 

A clear, white light of about 200 candle-power, possessing 
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praetieally the same color values as natural daylight. The 
Moore light is therefore particularly advantageous in match- 
ing colors at night or during dark days. 

1324. Does the carbon dioxide gas become exhausted? 

It does, and for this reason there is a compartment behind 
the glass tube Q, Fig. 416, containing the gas which is fed 
aatomatically by means of an electric valve into the tube 



Fig. 417.— Straight-Line Moore Tube inatalled in Factory. 

as it is needed. The carbon dioxide in the compartment has 
to he renewed after about 1000 hours of service. On account 
of a deposit gradually forming in the tube <?, the tube also 
has to be renewed after 4000 or 5000 hours of service. 

1225. How much current does the 300 candle-power 
Moore lamp require? 

At 110 volts it requires 23 amperes; at 220 volts, 11 J 
amperes. 
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1226. Is this lamp made in any other form than shown 
in Fig. 416? 

Yes; for the general illumination of large areas the glass 
tube, instead of being arranged in gridiron fashion, as in Fig. 
416, is straight and intended to be hung from the ceiling, as 
in Fig. 417, or made a part of the cornice. In this form it 
gives ** line " instead of '* spot '' lighting. If nitrogen gas 
instead of carbon dioxide gas be used in the tube, a yellow 
light can be produced instead of a white light. 
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CARBON ARC LAMPS 

1227. How is light produced in an arc lamp? 

By passing current through two carbon rods held in line 
with each other, and with adjacent ends a short distance apart. 
The current bridging the gap between the carbons produces 
a brilliant arc which gives to the lamp its name. 

1228. Does the arc produce all the light given off? 
No; the greater portion of light comes from the ends of 

the carbon rods, which become white-hot under the influence 
of the current. 

1229. Is direct current or alternating current used? 
Some arc lamps work with direct current, and others with 

alternating current. 

1230. Does not the current burn off the ends of the 
carbons? 

Yes ; the ends are slowly burned away. The length of the 
positive carbon is reduced much more rapidly than that of 
the negative carbon in a direct-current lamp with an un- 
shielded arc. 

1231. Why does the positive carbon burn more rapidly 
than the negative? 

Because a greater portion of it is heated to a higher tem- 
perature and oxidation is therefore more rapid. Some of 
the particles of carbon detached from the positive rod are 
carried across the arc by the current flowing from the one 
rod to the other and are deposited on the tip of the negative 
rod, replacing an equal quantity of carbon particles burned 
off by the arc. 

1232. Does the action of the current mentioned in An- 

651 
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swer 1231 have any other effect besides the difTerence in 
the rates of shortening the two rods? 

Yes ; the flow of current from the positive to the negative 
carbon hollows out the end of the positive rod, and the de- 
posit on the end of the negative carbon builds up that end 
Into a sort of peak, as indicated in Fig. 418. The arc eats 
away the edge of the negative carbon tip and gradually un- 
dermines the peak, which breaks off. A new peak is then 



Fig. 418. — Appearance of Carbon Hods in Arc Lamp during Operation. 

formed gradually and later broken off, and so on, until the 
rod is consumed. 

1233. Which carbon furnishes the greater portion of the 
light given o£F? 

The positive carbon, which has the hollowed end, or crater, 
as it is called. 

1234. Is the positive carbon in the lamp placed above 
the negative one, as shown in Fig. 418? 

Yes, usually ; in order that the int«^nse light from its crater 
may be cast downward, where it is most needed. 
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1235. What is the color of the light from an arc lamp? 
The color of the light depends upon the composition of 

the carbon rods. If there are impurities in the carbon, the 
color will vary considerably. Ordinarily, the light is tinged 
with violet but is very brilliant, closely resembling sunlight. 

1236. How much light does an ordinary arc lamp give? 

There are two common sizes of open arc lamps rated re- 
spectively at 1200 and 2000 candle-power. These ratings are 
never realized in actual illumination; they are merely nomi- 
nal. The actual mean spherical candle-power, that is, the 
average value of the intensity of light thrown out in all 
directions from the arc, is from 375 to 450 candle-power 
in the open lamps where the arc is not protected from the 
surrounding air, and from 150 to 300 candle-power in en- 
closed arcs, according to the kind of current used and its 
value, being less with alternating than with direct current. 

1237. How much current is required by the ordinary 
direct-current arc lamp? 

Direct-current arc lamps in which the arc is not protected 
from the surrounding air require 6.8 amperes in the 1200 
candle-power size, and the 2000 candle-power lamp takes 9.6 
amperes. 

1238. What voltage is required to force the current in 
Answer 1237 across the arc? 

Approximately 46 volts. This includes about 3 volts .to 
overcome the resistance of the carbons and about 3 volts more 
to overcome the resistance of the lamp magnet and connec- 
tions, leaving about 40 volts applied to the arc itself. 

1239. How long will the carbons in an arc lamp burn 
before they have to be renewed? 

The rate of consumption depends largely upon whether 
the arc is **open" (not shielded), as in Fig. 419, or enclosed 
as in Fig. 420. In the former case the arc is freely sur- 
rounded by air and bums the carbons rapidly; in the latter 
it is enclosed in a small inner glass globe that practically ex- 



654 ELECTRICAL CATECHISM 

eludes the air, and the consumption is therefore much slower 
owing to the restriction of oxygen in the inner globe. The 
rate of consumption for an open arc ranges from 1 to 2 
inches of positive carbon per hour ; the rate for an enclosed 
are ranges from 0,07 to 0,10 inch per hour. The rate de- 



Fig. 420. — Encloaed Arc Lamp, 
pends on the size and composition of the carbon rods and the 
character of the current — whether direct or alternating. 

1240. In enclosed arc lamps, is the inner glass globe per- 
fectly air-tight? 

No; because the cap at the top of the globe is provided 



ARC LAMPS 655 

with a hole in the center through which the upper carbon can 
move freely. The downward movement of the upper carbon 
is necessary in order that the proper distance may be main- 
tained between the carbon tips to form the arc. The fitting 
at the top and bottom of the inner globe is very snug, how- 
ever, and but little air can get in. 

1 241. Does the enclosed arc possess any advantages over 
the open arc besides the lower rate of carbon consumption? 

Yes ; the light of the enclosed arc is much softer and steadier 
than that of the exposed arc and in consequence is much 
preferable for interior illumination. Comparing Fig. 419 
with Fig. 420, it will be seen that the large outer globe used 
on the open arc lamp is also used on the enclosed arc lamp, 
in addition to the small inner globe which encloses the arc. 
This makes the fire risk from sputtering carbons considerably 
less with the enclosed arc lamp than with the open one. On 
account of the slower carbon consumption in enclosed arc 
lamps, the cost of carbons and of replenishing is less. To 
offset this in a measure, however, are the first cost and main- 
tenance of the inner globes and the additional labor of keep- 
ing them clean. Taking everything into consideration, the 
enclosed arc lamp is almost always preferable to the ordinary 
open arc lamp; it has practically superseded the open arc 
for indoor lighting and is rapidly replacing it for outdoor 
service. 

1242. Do the ends of the carbons in an enclosed arc 
lamp burn to the same shapes as those of an open arc? 

No; the ends of the carbons in an enclosed arc lamp burn 
almost flat, as shown in Fig. 421. This is due to the fact 
that the carbons are separated further, which causes the arc, 
instead of maintaining one position, to shift continually over 
the ends of the carbons. 

1243. Are arc lamps operated with alternating current 
different from the others? 

Yes ; arc lamps are made especially for that kind of current. 
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1244. What effect does the alternating current have upon 
the carbons? 

It causes both carbons to become equally luminous, and both 
of them are consumed in about the same time. In the altemat- 
ing-current enclosed arc lamp, the upper and lower carbons are 
at about the same temperature when the lamp is burning, 
in consequence of which more light is thrown upward than 
with the direct-current arc. The appearance of the carbons 
is similar, to that shown in Fig. 421, but the ends are more 
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flat because the arc travels around the ends of the carbons 
even more frequently than in the ease of an enclosed direct- 
current arc lamp. 

1245. How are arc-lamp carbon rods made? 

Those for open are lamps are composed chiefly of petroleum 
coke, pulverized and mixed with tar, or a similar binding 
material, and molded into rods. The rods when dry are 
baked at a high temperature. Carbons for enclosed arc lamps 
of both direct-current and alternating-current types must be 
made of a much finer quality of carbon because the impuri- 
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ties become vaporized and deposited upon the inner glass 
globe, reducing its transparency. Lampblack, which is prac- 
tically pure carbon, is therefore employed. For this reason, 
and also because they must be perfectly straight and of uni- 
form diameter so they will pass easily through the hole in 
the cap of the enclosing globe, these carbons cost considerably 
more than the carbons used in open arc lamps. 

Carbons for alternating-current arc lamps are generally 
cored ; that is, the carbon rod is formed with a small hole 
extending through the center of the rod and this is filled with 
a much softer grade of carbon than the main tubular portion. 
In some alternating-current lamps, cored carbons are recom- 
mended for both the upper and lower rods, while in others 
they are used only for the upper rod. 

1246. Why are arc-lamp carbons sometimes plated with 
copper? 

Carbon rods used in open arc lamps are usually given a 
thin coating of copper to increase their conductivity and 
make them burn more evenly and for a longer time. 

1247. How many kinds of arc lamps are there? 

Pour general types, namely: constant-potential lamps for 
operation in parallel on direct-current circuits; constant- 
potential lamps for parallel operation on alternating-current 
circuits; constant-current lamps for series connection on 
direct-current circuits ; constant-current lamps for series con- 
nection on alternating-current circuits. The only essential 
difference between these four types is in the construction and 
operation of the mechanism. 

1248. For what purpose is the mechanism needed? 

To control the relative positions of the positive and negative 
carbons. 

1249. How does the mechanism control the positions of 
the carbons and why is this necessary? 

The carbons must first be in contact with each other, to 
allow the current to flow through the lamp ; then they must 
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be separated slightly to form the arc between their ends. 
As the ends waste away, the gap between them must be 
adjusted so as to keep the length of the arc about the same 
throughout the burning period. The mechanism performs 
the two operations of ** striking'' the arc when the lamp 
Is first put into the circuit and then regulates the length of 
the arc during its activity. 

1250. How far apart should the carbons be separated? 
For currents up to 5^ amperes, which is the usual limit 

of constant-potential enclosed arc lamps, the separation should 
be from 3/32 to 3/16 of an inch. For 6 to 7^ amperes, usual 
with constant-current enclosed arcs, the separation is from 
i to i of an inch. 

1 25 1. Explain the operation of the constant-potential 
direct-current arc lamp. 

Referring to Fig. 422, which is a diagrammatic view of a 
lamp of this type, M and M represent the two coils of a 
plunger-type magnet which is provided with a U-shaped arma- 
ture A, consisting of two plungers joined by a yoke. The 
coils are connected in series with each other and with the brass 
tube B which holds the upper carbon ; therefore, the current 
entering the lamp at P passes through the magnet coils M M 
to the tube B, thence down through the carbons and the wire 
w to a sliding contact F on the resistance coil R and out at the 
binding post N, 

When current is first turned on, the magnet coils lift the 
armature A, which slides on the tube B, The upward move- 
ment of the armature causes a clutch C, which is linked to it, 
to raise the upper carbon rod and ** strike '* the arc. As the 
upper carbon is lifted away from the lower one, the arc length- 
ens and its resistance therefore increases; thereupon the 
current decreases, weakening the magnets, until a point is 
reached where the weight of the armature and the carbon 
is just equal to the upward magnetic pull on the armature. 

As the lamp continues to burn, the carbons become shorter, 
thereby increasing the length of the arc and reducing the 
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current, which weakens the magnetic pull on the armature; 
the latter therefore drops until the resistance of the are be- 
comes normal, when the magnetic pull again balances the 
weight of the moving parts. 



Fig. 422. — Diagram of Constant- Potential Direct-Current Are Lamp. 

1959. Does the armature drop suddenly in adjusting the 
arc? 

No; the " feeding," as it is called, is made very gradual 
by attaching a dash-pot to the armature, and thereby pre- 
venting any sudden movement or see-sawing. 
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1253. Show the actual arrangement of the parts of the 
constant-potential direct-current arc lamp illustrated dia- 
grammatically in Fig. 423. 

Fig. 423 affords an idea of the mechanism. The magnet 
coils are shown at M and M; they are wound on brass spools 



Fig. 423. — Constant- Potential Direct-Current Arc Lamp. 

which are attached to the central tube B. The resistance coil 
is shown at E and the sliding contact at F. 

1254, What is the reason for using the resistance coil 
and sliding contact ? 

To take up the excess voltage of the circuit, to steady the 
arc and to provide means for adjusting the voltage at the 
arc. The sliding contact F cuts more or less of the resistance 
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coil into the circuit ; the more of the coil there is cut in, the 
less will be the voltage at the arc, because of the increased 
drop in the coil. 

1255. Why is it necessary to adjust the voltage at the 
arc? 

Because constant-potential circuits are not all of exactly 
the same voltage, even when rated the same. The actual volt- 
age of a so-called 110-volt circuit may be anywhere from 105 
to 115 volts, or even 120. As the enclosed arc needs about 
75 volts, some extra resistance is necessary anyway, and by 
making this adjustable, the voltage at the arc can be made 
normal no matter what the actual circuit voltage may be. 

1256. How does the resistance coil steady the arc? 

By the increase in the voltage drop in it when the current 
through it increases. An increase in the current flowing 
through the arc would decrease the resistance of the arc 
because the larger current increases the cross-seption of the 
arc and also decreases the resistance of the carbon particles 
in the arc. A decrease in the current flowing through the 
arc, therefore, would increase the resistance of the arc. Con- 
sequently, if the supplied voltage was just equal to that 
required by the arc, and the arc resistance should be in- 
creased by the burning away of the carbons, the current 
would decrease, causing a further increased resistance of the 
arc, and this would cause a further decrease of current and 
increase of resistance, with the ultimate result that the arc 
would be broken. Likewise, an increase of current causing 
a decrease in arc resistance would still further increase the 
current and result in a similar unstable condition. 

With the wire resistance in series with the arc and prop- 
erly adjusted so as to make the arc voltage correct when 
the normal current is flowing through the lamp, a decrease 
in the current will diminish the drop through the resistance 
and, as the line voltage remains constant, the voltage across 
the arc will increase and compensate for the increase in 
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resistance of the arc. Likewise, an increase of current caus- 
ing a larger drop through the resistance will lower the volt- 
age across the arc and maintain equilibrium. 

1257. Describe the other important parts of the arc lamp 
in Fig. 423. 

The dash-pot D is attached to the armature of the regu- 
lating magnet for the purpose described in Answer 1252. 
The upper end of the top carbon is set in a metal socket which 
is electrically connected to the central tube B by a flexible 
stranded wire. The inner globe is of clear glass for outdoor 
service, and semi-transparent so as to diffuse the light for 
indoor service. It is supported by a spring bail H suspended 
from the cap G of the inner globe. An upward projection 
formed by a few turns of the wire of which the bail is made, 
rests in a depression in the lower end of the globe and exerts 
a steady upward pressure which keeps the upper edge of 
the globe at all points in close contact with the cap G. 

1258. Is a constant-potential arc lamp for alternating 
current exactly like the direct-current lamp? 

Not quite. The alternating-current lamp is provided with 
a magnet armature made up of thin sheets of soft steel riveted 
together, instead of solid plungers fastened to a solid yoke; 
it is also provided with a ** choke '* coil instead of the simple 
resistance coil of the direct-current lamp. Fig. 424 is a 
diagram of the parts, in which the ** choke " coil Ex is sub- 
stituted for the resistance coil E in Fig. 422 and the laminated 
armature A is shown. 

1259. Why is a " choke " coil used instead of a resistance 
coil? 

Because it wastes much less energy. The coil is in sec- 
tions wound around a soft iron core which forms a closed 
magnetic circuit. An alternating current passing through 
this coil produces a rapidly alternating magnetism in its 
core which induces a counter electromotive force in the coil. 
This counter electromotive force serves the same purpose a^ 



ARC LAMPS 663 

the drop in the resistance coil used in the direct-current lamp, 
but does not absorb any energy. There is some energy loss 
due to the resistance of the coil, but it is very low because 
the resistance is extremely small. 



1360. If the choke coil wastes less energy than a resist- 
ance coil, why is it not used in the direct-current lamp? 

Because direct current flowing through it cannot produce, 
the alternating magnetism in its core necessary to induce a 
cotmter electromotive force in the coil. 
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1261. Illustrate a constant-potential alternating-current 
arc lamp. 

The meehanism ia shown in Fig, 425. The general outside 
appearance is similar to that of the direct-current lamp, Pig. 



Fig. 425. — Mechanism of Constant- Potential Alternating-Current Are 

423. The entire lamp is built around the central brass tube 
B. The top or hood of the case is attached to the upper end, 
and the floor plate / and radiating plate J are attached to the 
lower end of the tube. The choke coil is shown at Rx; the 
other parts are lettered the same as in Fig. 423. 
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is62. What is the radiating plate for? 

To radiate the heat developed by the arc and thereby 
protect the magnets and mechanism from it. 

1263. How is the mechanism of the constant-current 
series lamp arranged? 

A diagram of the mechanism and circuits of this type of 
lamp for direct current is shown in Fig. 426. Two separate 



Fig. 428, — Diagram of Constant-Current Series Arc Lamp. 

magnets are used, one connected in series with the arc and 
another connected in shunt to the arc. The series magnet 
is shown at M and the shunt magnet at m. The armature A 
in this lamp is pivoted to the central tube B instead of sliding 
on it, and it is tilted one way by the series magnet, to lift 
the clutch C and the upper carbon, and pulled the other way 
by the shunt magnet to release the clutch and drop the car- 
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bon. The switch 8 is used to cut the lamp out of circuit by 
short-circuiting the terminals. 

1264. Explain the operation of the mechanism in Fig. 
426. 

When the lamp is first put in circuit, the armature A is 
tilted to the position shown, by the weight of the clutch C and 
its linkage; the clutch is then open, allowing the upper car- 
bon to rest on the lower one. The current passes from the 
positive terminal P to the series magnet M, the starting re- 
sistance and the regulating resistance, and divides between 
the three ; but most of it goes through the magnet, the carbons 
and the return wire n, because that, path has the lowest re- 
sistance. The magnet M lifts the armature and clutch, and 
the latter engages the upper carbon and carries it upward, 
striking the arc between the two carbons. As soon as the 
link E starts upward, it opens the contacts of the cut-out and 
that part of the current which at first was shunted through 
the starting resistance now passes through the carbons. As 
the upper carbon is lifted away from the lower one the length- 
ening of the arc increases the voltage across the carbons and 
this increases the strength of the magnet m which is con- 
nected in parallel with the carbons ; when the arc is at normal 
length, the pull of the magnet m is sufficient to prevent the 
magnet M from lifting the carbon any further. As the car- 
bons burn away, the lengthening of the arc shunts more cur- 
rent through the magnet m, and the magnet M is correspond- 
ingly weakened; the armature is therefore tilted slightly the 
other way, lowering the clutch C to the point where it trips 
and feeds the upper carbon downward. 

1265. What is the starting resistance for? 

To prevent the cut-out from putting a dead short-circuit 
across the lamp when it is closed by the extreme downward 
travel of the link E. Such a short-circuit would make it im- 
possible for the lamp to restart its arc automatically when 
next cut into circuit. 
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1266. What is the need for the cut-out? 

To close the circuit around the lamp if the upper carbon 
should hang up or burn so short that it could not be fed down- 
ward any further. In either ease, the arc becomes excessively 
long and the magnet m pulls its end of the armature up so 



Fig. 427. — Mechaniam ot Constant- Current Series Arc Lamp. 

far that the cut-out is closed and cuts the rest of the lamp 
mechanism out of circuit. 

1367. What is the regulating resistance for? 

To adjust the strength of the lifting magnet M and thereby 
regulate the length of arc necessary for the feed magnet m 
to overcome the lifting magnet and feed the carbon. The 
regulating resistance is in shunt to the series magnet eoil and 
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shunts more or less current out of it, according to the position 
of the sliding contact F, 

1268. Illustrate the actual mechanism of the constant- 
current arc lamp represented by the diagram in Fig. 426. 

Fig. 427 shows the mechanism of this type of lamp. The 
cut-out is shown at K, the starting resistance at Rs and the 
regulating resistance at Rr, The other parts are lettered the 
same as in Fig. 426. 

1269. Are all constant-current arc lamp mechanisms like 
the one just described? ' 

Not in all the details, but they all work on the differential 
principle ; that is, a series magnet pulls the carbons apart and 
it is opposed by a magnet coil connected in shunt to the arc. 
In some lamps the shunt coil opposes the series coil magneti- 
cally instead of mechanically. Magnetic opposition is ob- 
tained by winding the series and shunt coils on the same 
core; any increase in the current in the shunt coil weakens 
the magnet as a whole, because the magnetizing effects of the 
two coils are in opposition to each other. In most cases, how- 
ever, the magnets are separate and their pulling efforts are 
opposed mechanically, as in the lamp described. 

1270. Is the series alternating-current lamp like the 
dire9t-current lamp? 

Yes; in all essential features, except that the magnet cores 
and armatures are laminated instead of solid, and choke coils 
are used instead of resistance coils, as explained in the discus- 
sion of constant-potential arc lamps. 

FLAME ARC LAMPS 

1271. Are there any other types of carbon arc lamp? 
Yes ; there are two other types, closely related to each other 

and both known as ** flame arc " lamps. 

1272. What is the difference between the two types of 
flame arc lamps? 

One is of the open type and the other enclosed ; this appar- 
ently small difference, however, causes a great difference in 
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the arrangement of the carbons and the design of the mechan- 
ism which " feeds " the carbons as they are consumed. In 
the open type both carbons project downward, with their 



Fig. 428. — Open Flame Arc Lamp. 

active ends close together and their mount ends separated, 
and both are fed downward. The carbons of the enclosed 
type are arranged end to end, exactly as in the ordinary arc 
lamp, and the operating mechanism is also very similar. 
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, 1373. Illustrate and describe an open flame arc lamp. 

Figa, 428, 429 and 430 show interior views taken at different 
points around such a lamp. Upon close inspection of Fig. 428 
it wiU be evident that the carbons A and C both extend down- 
ward at opposite angles with the vertical center line of the 
lamp, the lower ends nearly touching at E when the lamp 



Fig. 429.— Side View of Open Flame Arc Lamp in Fig. 428. 

is " dead." The arc is formed between the facing portions 
of the carbon tips, and to prevent it from creeping up the 
aides of the carbon rods a magnetic field is provided by mag- 
net poles located at M and N, Fig. 429. 

1274. How do the magnet poles prevent the arc from 
creeping up the carbons? 
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The field produced between the poles " blows " the electric 
are downward by magnetic repulsion. This causes the arc to 
curve downward and expand into a sort of flame, as repre- 
sented in Fig. 431. It is from this that the lamp gets its 
name. 

1375. What is the function of the part shown at D, 
Fig- 430? 

This is a chamber of highly refractory material which sur- 



Fig. 430. — Opposite View to that in Fig. 428 of the Open Flame Arc 

rounds the ends of the carbons and shields them from " wash- 
ing " of the air currents within the globe. This part of the 
lamp is called the " economizer " and is necessary on ac- 
count of the rapidity with which the carbons are consumed. 
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1276. What is the type of feeding mechanism used? 

It is of the differential solenoid type and is shunt starting ; 
that is, when there is no current through the lamp the car- 
bons are apart. When the current is switched on, the shunt 
coils F and G, Pig. 430, are first actuated, pulling the carbons 
into contact and thereby establishing a circuit through the 
series coils H and L and the carbons. The series windings 
then pull the carbons upward, separating the ends and form- 



Fig. 431.— A " Flame " Are. 

ing an arc, which is thereafter differentially regulated by 
the shunt and series coils as described in Answer 1269. 

As the carbons burn shorter they are fed downward by 
means of the central spiral rod /, Fig, 428, down which 
travels a cross-arm that carries the carbon holders P and Q. 
The rod / is nickeled to insure smooth traveling for the eross- 
arm, and extends up into the easting S where a speed-reducing 
escapement is located. 

1277. What are the objects at T, Fig. 428, which re- 
semble strings of beads? 

These are the leads connecting the carbon holders to the 
circuit ; they are insulated by glass beads which are threaded 
on them. 
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1278. What is the purpose of the coils O and V, Fig. 
428? 

They are voltage-reducing and steadying resistances used 
in series with the lamp when one lamp is connected to a 
110-volt direct-current circuit. By using a reactance in place 
of the resistance, the lamp can be operated singly on 110-volt 
alternating-current circuits. 

1279. What kind of carbons are used in a flame arc 
lamp? 

Cored carbons containing metallic salts and a metallic 
strip running throughout the length. 

1280. What is the nature of the light given by a flame 
arc lamp? 

The metallic salts in the carbons produce a much greater 
intensity of light than carbon alone and also counteract the 
tendency to give a bluish or violet light. The light of a 
flame arc lamp is a brilliant golden yellow. 

1 28 1. How long will the carbons burn? 

One set will burn about 17 hours with a current of 12 
amperes. 

1282. What are the advantages of the flame arc lamp 
over the ordinary arc lamp? 

It is much more efficient and the light is far more power- 
ful than can be obtained from the ordinary carbons. 

1283. Is there any other kind of arc lamp besides those 
previously described? 

Yes ; the metallic flame arc lamp, one of the common forms 
of which is shown in Fig. 432, is the most efficient arc lamp 
so far produced. 

1284. What voltage is required by the metallic flame 
arc lamp? 

Across the terminals, about 68 volts. 
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1385. Describe the principal features of the metallic 
flame arc lamp. 
The lamp takes its name from the metallic electrodes used 



Fig. 432. — Mechanism of Metallic Flame Arc Lamp, 
iu place of the carbon rods in other lamps. Referring to Fig, 
432, it will be evident that the lower electrode is in the form 
of a button or plug; this is made of copper and is the positive 
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electrode. The upper electrode la a pencil composed of 
metallic oxide called " magnetite " and is the negative elec- 
trode of the lamp. It is fed downward by a mechanism as it 
wastes away somewhat as in the case of the ordinary carbon 
lamp. The positive button is not consumed; hence it is not 
necessary to use the rod form. 



I Metallic Flame 

12S6. Describe how the mechanism shown in Fig. 432 
operates. 

A diagram of the mechanism and the lamp circuits is shown 
in Fig. 433. When the circuit to the lamp is closed, the cur- 
rent passes from the terminal P through the resistor S, the 
feeding magnets, and the contacts J and / to the negative 
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terminal N. This energizes the feeding magnets, which pull 
the cores E E downward and thereby lowers the negative rod 
into contact with the positive button. This contact shunts 
most of the current out of the feeding magnets, the current 
passing to the positive button directly through the series cut- 
out magnet, which lifts its armature / and opens the circuit 
through the feeding magnets. The spring above the feeding 
magnets then pulls the cores EE m^ again, separating the 
electrodes and striking the arc. 

1287. How does the mechanism control the length of 
the arc as the rod burns away? 

The shunt cut-out magnet K is connected across the arc, 
and when the arc lengthens, due to the burning away of the 
rod electrode, this magnet becomes strong enough to lift its 
plunger core with the contact J until the latter touches the 
contact /, which was previously lifted by the series cut-out 
magnet. This restores the circuit through the feeding mag- 
nets, which pull the electrodes into contact again, after which 
the former are cut out of circuit as previously described, 
allowing the spring to again strike the arc. 

1288. Then the arc is put out when it becomes too long, 
and a new one established? 

Yes ; the rod electrode does not * ' float ' ' under the control 
of the feed magnet as in the carbon arc lamp. The spring 
pulls the armature up against a stop which is set for the cor- 
rect length of arc. 

1289. What is the reason for placing the negative elec- 
trode above the positive? 

There are two advantages ; the greater portion of the light 
comes from the flame of volatilized oxide from the negative 
electrode, and the length of the negative electrode is not 
limited except by the height of the lamp. This permits the 
use of an electrode having a long burning life. 

1290. Can this type of lamp be operated on alternating 
current? 

No. Since the positive electrode must be copper and the 
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negative electrode metallic oxide, the current must always 
pass through the lamp in the same direction. Direct current 
must therefore be used. 

1 29 1. Is the negative rod consumed by the current? 
Not entirely ; there is some ash, and whatever is not carried 




Fig. 434. — ^Diagram of Metallic Flame Arc Lamp, showing Circula- 
tion of Air. 

out of the chimney of the lamp by the strong air circulation 
is deposited in a little pan below the lower electrode. Fig. 
434 will illustrate the case. 

1292. Does the metallic flame arc lamp operate with 
constant potential or constant current? 

The mechanism described in Answer 1286 operates only 
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with constant current, but other mechanisms are made for 
operation on constant-potential circuits. 

1293. How is the constant direct-current obtained? 

Usually, from what is known as a mercury rectifier, sup- 
plied from an alternating-current circuit. The constant- 
current dynamo was formerly the only available source of 
such current, but since the development of the mercury recti- 
fier the constatit-current machine has become practically 
obsolete. 

MERCURY RECTIFIER 

Altemafing Current Supply 
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D/rffcf Current Circuit 
Fig. 435. — Connections for Mercury Rectifier. 

1294. What constitutes the mercury rectifier for convert- 
ing alternating current into a constant direct current? 

The mercury rectifier outfit consists of a constant-current 
regulating transformer, a mercury bulb and a small starting 
transformer, connected up as shown in Fig. 435 and mounted 



ARC LAMPS 679 

on a panel containing the necessary switches, instruments, 
etc., for operating it. 

1295. Explain the connections shown in Fig. 435. 

The two secondary coils of the regulating transformer are 
connected in series, and their free ends are connected to 
the upper electrodes of the rectifier bulb, which are called 
** anodes." The two leads from the lower terminals of the 
rectifier, which are ** cathodes,'' are connected to the sec- 
ondary terminals of a small starting transformer, the primary 
of which is supplied from a small auxiliary secondary coil 
on the regulating transformer. The positive lead to the 
direct-current circuit is brought out from the middle of the 
starting transformer secondary winding. The negative direct- 
current lead is brought out from the connection between the 
two main secondary coils of the regulating transformer. 

1296. Describe the operation of the rectifier outfit. 
The bulb is tilted so that the mercury in the two lower 

electrode pockets bridges the space between them, thereby 
short-circuiting the starting transformer secondary, which 
is connected to these lower electrodes, or cathodes. When 
the bulb is returned to the vertical position, the breaking 
of the mercury bridge between the cathodes produces a spark 
which breaks down the resistance at the surface of the cathodes 
and vaporizes the mercury, from which current passes freely 
from the mercury to the upper electrodes, or anodes, which 
are of graphite. The alternating electromotive forces from 
the regulating transformer, which are alternately impressed 
upon the two graphite anodes of the rectifier, cannot pass 
from one of the graphite electrodes to the other, because the 
current cannot flow from mercury vapor into a solid electrode, 
although it flows easily from a solid electrode to the mercury 
vapor. Each impulse, however, passes down from one anode 
through the vapor to one or both of the mercury cathodes, 
from which they all emerge in the same direction, resolving 
into a direct current slightly pulsating in character. 
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1297. Illustrate and describe the mercury rectifier bulb 
in detail. 

The mercury rectifier bulb is shown separately in Fig. 
436. It consists of a pear-shaped glass bulb about 7 inches 
in diameter at ita largest part, provided with four elee- 



Fig. 436.— Mercury Rectifier Bulb. 

trodes. The two upper electrodes, or anodes, A and A, are 
graphite blocks and they are mounted within glass tubes 
which serve to direct the course of the current from the 
anodes to a point over the two cathodes, C and C, which are 
little pools of mercury. The leading-out wires from the 
graphite anodes pass through heavy glass plugs which serve 
to prevent flashing or arcing across. The glass bulb is ex- 
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hausted of air, like that of an incandescent lamp, to pre- 
vent oxidation of the mercury and graphite. 

CARE AND MANAGEMENT OF ARC LAMPS 

1298. What are the principal features to watch out for, 
to insure the proper operation of arc lamps? 

Assuming that the lamps are substantially made, their 
proper operation depends chiefly upon their being properly 
trimmed and correctly adjusted for the voltage at which they 
are designed to work. 

1299. In trimming an arc lamp^ what are the important 
points to be observed? 

The use of proper carbons ; removal of dirt from the clutch 
rod before pushing the rod up; placing the carbons so that 
they are vertically in line with each other and have enough 
vertical play to allow the lamp to pick up its arc; care to 
see that the carbon rods are firmly screwed into their holders ; 
inner globes thoroughly cleaned, and if nicked or cracked 
so as to allow leakage of air, to be replaced by new globes; 
proper adjustment of the moving parts. 

1300. How should the carbons for enclosed arc lamps 
be selected and replaced? 

The carbons used should be of the best quality so that the 
quantity of deposited matter due to combustion will be as 
small as possible ; they should be free from blisters or rough- 
ness, hard spots and curves. A good guide as to the quality 
of the carbon is the appearance of the burned ends. Good 
carbons after being used present a dull surface, whereas the 
ends of hard carbons present a glossy pitted surface. 

The trimming of enclosed arc lamps outdoors is facili- 
tated by the trimmer taking with him a clear inner globe 
fitted with a lower carbon, to replace the old one in each 
lamp. It is necessary that the carbons be of the proper 
length. The upper carbons can be purchased of the desired 
length, but as the. lower ones are often made up of the 
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part left over from the upper carbon they should be cut 
to the proper length before being used for this purpose. 

The proper operation of an enclosed arc lamp depends 
largely upon ^he free passage of the upper carbon through 
the cap of the inner globe. A ^-inch carbon should not be 
smaller than 0.5 inch nor larger than 0.52 inch ; if smaller than 
0.5 inch, too much air will be admitted and the arc will 
flame. 

1301. What is the method of adjusting an arc lamp for 
the proper voltage? 

Before an arc lamp is installed, it should be adjusted for 
its proper arc voltage, which is usually 70 to 75 volts measured 
across the enclosed arc. The lamp should be burned about ten 
minutes before this measurement is taken so as to allow the 
carbons to assume their normal operating condition. Direc- 
tions for adjusting the different makes of arc lamps vary 
considerably, so that no specific rules can be given to fit all 
cases. Directions, however, can be obtained from the manu- 
facturers and they should be closely followed to secure 
satisfactory results. When adjustments are made without 
the use of a voltmeter, it is well to bear in mind that if 
the arc hisses it is too short, and if it flames badly it is too 
long. By watching the fluctuations of a voltmeter across 
the arc, as the carbons burn, a good idea may be formed 
of the smoothness with which the mechanism feeds. 

1302. In case a lamp does not feed properly, where is 
the trouble usually found? 

In the dash-pot or in the clutch, if the feed magnet is not 
burned out. 

1303. How may trouble in the dash-pot be remedied? 
By wiping it clean with a dry cloth. If this does not clear 

the trouble, remove the dash-pot and clean with gasoline the 
little check valve which has probably become stuck. Oil 
should never be used on it. If the valve is all right, the piston 
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has probably worn loose, in which case a new one should be 
used. 

Where arc lamps are used only occasionally, but must be 
kept ready for immediate service, the formation of scale inside 
the cylinder of the dash-pot may be prevented by lighting 
the lamp for a minute or two every day. This daily action 




Fig. 437. — Arc Lamp Clutches. 

of the piston will scrape off the scale before it hardens suffi- 
ciently to interfere with the performance of the dash-pot. 

1304. How may trouble in the clutch be remedied? 

In two-part metal clutches, such as shown at A and B, Fig. 
437, dirt is liable to work in between the parts, which will 
then require cleaning. If, through the breaking of the upper 
carbon lead, the clutch is forced to carry the lamp current, 
it is liable to burn and bind the pivot pins. In all two-part 
metal clutches it is necessary to keep these pins loose to insure 
free operation. The porcelain washer clutch C, Pig. 437, is 
not subject to pin trouble, but may break if there is ** jump- 
ing '' of the carbons, in which case a new porcelain washer 
must be substituted. 

CONNECTION OF ARC LAMPS IN CIRCUIT 
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Fig. 438. — ^Arc Lamps in Series. 

1305. How are arc lamps usually connected for street 
lighting? 
In series, as indicated in Fig. 438. 
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1306. What are the current and the voltage conditions 
in a series circuit? 

The current through all the lamps is the same, assuming 
there is no leakage, and this current must be kept constant to 
obtain a steady illumination. If each lamp requires 75 volts, 
and there are fifty lamps in circuit, the generator must 
develop 

50 X 75 1= 3750 volts 
plus the drop in the line. 

In case any of the lamps are cut out by short-circuiting 
them, this being the only way in which lamps on a series 
system can be cut out without opening the circuit, it is evi- 
dent that if the voltage remains constant the current will 







Dynamo 



Lamps 



rZ 



Fig. 439. — Arc Lamps in Parallel. 

increase and perhaps burn out the lamps remaining in circuit. 
To prevent an increase of current under these conditions, 
an automatic regulator is used in connection with the 
generator. 

1307. How many lamps can be operated in a series cir- 
cuit? 

About 100 lamps is the maximum that is considered practi- 
cable on a single circuit. This requires an electromotive force 
of approximately 7500 volts. 



1308. How are arc lamps usually connected for interior 
lighting? 

In parallel across a constant-potential circuit, as shown 
in Fig. 439. 



ARC LAMPS 686 

1309. What are the voltage conditions in the parallel 
circuit? 

As the usual interior constant-potential circuit is operated 
at about 110 volts and the voltage across the enclosed arc 
is approximately 75, there remains about 35 volts to be 
taken up by the resistance in the direct-current lamp, or by 
the reactance in an alternating-current lamp. In an open 
arc lamp, however, the voltage across the arc is only about 
45 to 50, so that from 60 to 65 volts is wasted in dead 
resistance. 

13 10. Is the greater loss of voltage in the open arc lamp 
responsible for this lamp being superseded by the enclosed 
arc lamp for parallel connection? 

Not entirely, because it is possible to operate two open arc 
lamps in series across a 110- volt circuit, leaving only about 20 
volts to be lost. The enclosed arc lamp won out chiefly by 
reason of the slower combustion of the carbons and consequent 
saving in operating and maintenance cost, the softer light 
it gives, the better distribution of this light by means of the 
inner globe, the impossibility of heated carbon particles 
flying out and setting fire to inflammable material and its 
quietness in operation. 

13 1 1. How are indoor lamps suspended and wired in 
circuit? 

Two approved methods of arc lamp suspension and wiring 
are shown in Pig. 440; at the left the method for exposed 
wiring, and at the right the method for concealed wiring. In 
both cases it is seen the lamp does not depend upon the feed 
wires for support, this being effected by a central suspension 
wire or conduit. In addition to the insulator at the top of 
the lamp, there should be one in the suspension hook or wire 
to serve as further protection. Each lamp on a constant- 
potential circuit should be protected by an enclosed fuse, 
which may be of the cartridge type, mounted above the lamp. 
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as shown at the left of Fig. 440, or it may be of any other 
approved form connected in the lamp circuit and mounted 
at a distance from the lamp. This latter method is the more 
convenient one vhen concealed wiring is used and accounts 



Fig. 440. — Method of SuBpension for Arc Lamps. 

for the absence of protective devices in the sketch at the right 
of Fig, 440, the conduit and junction box there shown being 
merely for convenience in wiring the lamp into circuit. 



SUBSTATIONS 

13 1 2. What is a substation? 

An electrical station in which current is received from one 
or more large generating stations and in turn supplies a 
number of feeders which distribute it over the locality where 
it is used. 

1313. Under what conditions is a substation mostly 
used? 

In electric railway work, where the traflBc is heavy and the 
system of distribution widespread; although in some cases it 

is used for power and lighting systems. 

♦ 

13 14. What advantage is gained by the use of a sub- 
station in electric railway work? 

One large power station can be used for the entire system. 
This enables the electrical energy to be more economically 
obtained than when more generating stations are employed. 

1315. Is the current handled in a railway substation 
direct or alternating? 

The currents received at the substation from the gener- 
ating plant are alternating and of high voltage. These are 
stepped down by transformers, and by means of rotary con- 
verters are changed into direct current, usually at 550 volts, 
and supplied to the feeders. 

13 1 6. Why are transformers required in the substation? 
To lower the voltage of the alternating current supplied 

from the generating station, so that it is adapted to the rotary 
converters. This is necessary on account of the fixed ratio 
which the voltage on the alternating-current side of a rotary 
converter bears to that on the direct-current side. In a three- 
phase converter this ratio, according to Answer 1140, is 61 

687 
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per cent.; hence alternating current at approximately 335 
volts would be necessary to supply direct current at 550 volts. 

13 1 7. Are motor-generators used in substation work? 
Motor-generators are seldom used on account of their higher 

cost as compared with the rotary converters and transformers 
they would replace. 

13 18. Are all substations alike with respect to the 
method of i-eceiving and distributing the power? 

No. A substation may receive current from the generating 
station and without any transformations whatever distribute 
it through switches to other circuits. Another kind of sub- 
station may receive high-voltage alternating current from the 
generating station and, through transformers, reduce its volt- 
age for distribution. A third, as previously described, may 
receive high-voltage alternating current and distribute low- 
voltage direct current. Still other substations, common in 
electric railway service, carry either storage batteries alone 
or storage batteries and boosters. 

13 19. When are storage-battery substations advanta- 
geous for railway work? 

When maintaining a very uniform line voltage and com- 
pensating for an extra length of feed wire ; relieving the power 
house of fluctuations of load, keeping the cars moving when 
the power supply is temporarily interrupted, or in supplying 
power for the operation of a few cars or lights when the power 
house is shut down. 

1320. When are boosters used in connection with a 
storage battery in a substation? 

When current is to be transmitted over a considerable dis- 
tance to a storage-battery substation for the purposes men- 
tioned in Answer 1319 and the battery must furnish current 
at the same voltage as developed in the generating plant. The 
booster makes up for the drop of potential in the line be- 
tween the generating station and the substation, while the 
battery is being charged. Also, in railway work, where the 
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load fluctuates within wide limits, a booster is used in con- 
nection with the battery. In this case a ' ' differential 
booster ' ' is used having both series and shunt field windings. 
Thus the electromotive force varies automatically with the 
load and adds to or subtracts from the battery voltage as 
required. 

1321. What factors govern the location of a substation? 

Practically the same factors that govern the location of a 
central station, namely : nearness to the center of distribution 



1 Building for Rotary Converter 

so that the drop of potential in the different circuits may be 
a minimum ; also the cost of real estate. 

1333. What kind of a building is best for a substation? 

A detached building, built preferably of brick or other 
fireproof material, as in Fig. 441, which shows a rotary con- 
verter substation. 

1323. What provision should be made for light? 

The substation should be constructed so that plenty of 
light will enter it, but in a storage battery room the sun 
should not shine on any part of the battery. A substation 
used exclusively for a storage battery is sometimes built as 
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in Pig. 442, without windows, dependence being placed en- 
tirely upon incandescent electric lamps for light. 

1334. What provision should be made for ventilation? 

The ventilation of the storage battery room must be par- 
ticularly good to prevent the accumulation of fumes; other- 
wise, it will be almost impossible to enter the room while the 
battery is being charged, and the hydrogen gas given off while 



Fig. 442. — Storage Battery Substation, 
charging, being inflammable, is likely to cause a serious acci- 
dent if ignited. 

The room in which the machines are installed should also 
have good ventilation, because the heat developed in them, 
even during their normal operations, will considerably in- 
crease the temperature. Good ventilation is likewise impor- 
tant where oil-cooled transformers are used, so that the tem- 
perature may not become unduly high in the summer-time, 

i325> Is there any reason why the machines and battery 
should not be located in the same room? 

The battery should be placed in a room by itself so that 
the sulphuric-acid fumes given off from the cells will not 
corrode the metal of the machines. 
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1326. What provision should be made for the drainage 
of a substation? 

Where air-blast transformers are used, the walls of the air- 
blast chamber should be waterproofed and the substation 
should be built at such an elevation that water will not stand 
on the floor of the air-blast chamber. If this latter precau- 
tion is not taken, the transformers may be damaged by the 
warm air from the blower picking up moisture and depositing 
it in the transformers which are not in service. 

When oil-cooled transformers are used, it is well to install 
a pit of suflScient capacity to drain the oil from several trans- 
formers, and to provide drainage piping of ample size from 
the oil drain-cocks on the transformers to the pit, so that 
the oil can be drawn off quickly in case of fire or other 
emergency. 

In the battery room the floor, which must never be of wood, 
but of vitrified brick or some other material that is not af- 
fected by sulphuric acid, should slope downward toward a 
drain so that when flooded in washing it will dry off rapidly. 

Where cables come into the station underground, the enter- 
ing conduits should be sealed and suitable drainage provided 
so that water cannot leak into the cellar through these 
openings. 

1327. Give an idea of the general arrangement of sub- 
station apparatus. 

The arrangement of substation apparatus is largely depend- 
ent upon the nature of the switching apparatus. When the 
cables enter the station overhead, the hand-operated switches 
are invariably of the top-connected type and the high-voltage 
bus-bars are mounted above them. A typical arrangement of 
this kind is shown in elevation and plan in Pig. 443, which is 
an 11,000-volt installation where oil-insulated self-cooling 
transformers are used. The high-tension panels are located 
in front of their respective oil switches and on the operating 
side of the transformers. 

1328. What arrangement of substation apparatus is cush 
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Arrangement with Feeders entering 
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tomary in case the incoming cables are underground and 
the switches are motor-operated? 

Fig. 444 shows a section through a substation to meet these 
conditions. The switches are bottom-connected and the bus- 
bars and all high-tension connections are placed below the floor 
in a suitable compartment. The connections from the high- 




Fig. 444. — Section through Substation with Underground Feeder Cables. 

tension switches to the transformers pass through the parti- 
tion wall between the high-tension compartment in the base- 
ment and the air-blast chamber. The transformers in this 
case are bottom-connected; that is, both the high-tension and 
the low-tension leads are brought through their bases. All 
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the main panels, both attemating-current and direct-current, 
are in one switchboard. 

1339. What is the usual arrangement for the switch- 
board panels? 

In general, the direct-current switchboard panels are ar- 
ranged in a group by themselves, the converter panels to the 
left and the feeder panels to the right, with room for exten- 
sion at either end. Usually no attempt is made to group the 



oil switches, either hand-operated or electrically operated, 
behind the main switchboard, the oil switches being invariably 
located, in the more recent types of construction, immediately 
adjacent to their banks of transformers or line entrances, or 
exits, as the case may be. For all stations using hand- 
operated switches, this makes it advisable to locate the 
alternating-current line and converter panels in correspond- 
ing positions. With electrically operated switches, there is 
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no definite relation between the location of the panel and its 
switches. No incoming line panels are used unless the lines 
are in duplicate, a single incoming line being wired to the 
substation bus-bars without oil switches, but with disconnect- 
ing switches, 

1330. Upon what considerations does the an;angenient 
of a storage-battery substation depend? 

Principally upon the amount of available floor space and 
the accessibility of the cells for inspection and handling. 



Fig. 446. — Arrangement of Battery where Floor Space is Not Limited. 

1331. When the floor space is limited, what is the best 
arrangement of the cells? 
In tiers, one above the other, as shown in Fig. 445. 

133a. Are the cells in Fig. 445 convenient for inspection 
and handling? 

Inspection of the cells is not difficult in this installation 
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becaiise ample room has been left between the two tiers and 
between the ceiling and the upper tier. The handling of the 
cells, however, is not convenient; without a traveling crane- 
it would he almost impossible to move any of these cells with 
ease and safety. 

1333. Where the floor space is not limited, what is the 
best arrangement of the cells? 

In rows on supports resting upon the floor, as in Fig. 446. 



Fig. 447. — Portalile Railway Substation. 

1334. Is there any objection to placing the cells directly 
upon the floor? 

It is not advisable to do this because moisture would accu- 
mulate under the cells, and this, together with the battery 
solution, would form a conducting path from one cell to 
another and cause leakage of current. Hence, it is custom- 
ary to use insulating supports under the cells. 

1335. What is gained by having the cells rest upon a 
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board over the insulators, as in Fig. 446, rather than 
directly upon the insulators? 

The board prevents any unequal distribution of the weight 
of the battery from causing the insulators to be strained or 
broken. 

1336. Is there any objection, where the space is limited, 
to placing adjacent cells so close to each other that tbeir 
cases touch? 

Adjacent cdlls must be kept far enough apart so that there 



fig. 448. — Rotary Converter in Portable Substation shown in Fig. 447. 

will be no possibility of coming in contact, else the battery 
solution is likely to creep across, causing leakage of current. 

1337. Are provisions ever made in a railroad substation, 
other than by the overload capacity of the apparatus in- 
stalled, for taking care of unusually heavy loads at infre- 
quent intervals? 

A portable substation is sometimes used for this purpose. 

1338. What is a portable substation? 

A car such as shown in Pig. 447 arranged for carrying a 
rotary converter. Pig. 448, transformers, and a switchboard. 
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Fig, 449. Such a station for increasing the direet-eurrent 
supply may be quickly moved to any part of the line, as to 



Fig. 449.— Switchboard in the Portable Substation in Fig. 447. 

fair grounds, amusement parks or summer resorts which are 
to be served only a few days or weeks. 
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STATIONS 

1339. Does not the successful operation of an electrical 
station depend largely upon having system in the work to 
be done? 

Yes; because with a proper system each attendant has his 
special duties to perform, someone is responsible for whatever 
is to be done and the chance of overlooking matters is reduced 
to a minimum. 

1340. What provision should be made to safeguard at- 
tendants? 

Belts and moving parts of machinery should be enclosed 
with railings or guards, and the dark pits and passages, such 
as back of the switchboard, must be well lighted, as shown in 
Pig. 450. Exposed bars or conductors running through the 
station for carrying current should be painted to distinguish 
them from ordinary structural work. Yellow is suggested for 
potentials up to 250 volts ; blue from 250 volts to 1000 volts ; 
and ^ed for potentials over 1000 volts. '* Stumbling blocks " 
should be removed or made as few as possible. There should 
be no doors, cupboards, storage or obstruction of any kind 
behind the switchboard, and this space should not be used as 
a thoroughfare. There should be at least 4 feet actual clear- 
ance between the back of the switchboard and the wall, and 
the ends of this space should be guarded by railings or screens 
which will permit of a clear view back of the board. Switch- 
boards on which high-voltage currents are handled should 
have an insulated space in the floor or an insulated platform 
in front of the board, as shown in Pig. 450. The same pre- 
caution should be taken with the generators, especially if 

of high voltage and the frames are not grounded. 
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1341. Should the generator frames be grounded? 
Generators operating at a potential over 550 volts should 
have their base frames permanently grounded. 

1343. What advantage results from grounding a gen- 
erator frame? 

Grounding a frame removes the possibility of dangerous 
shocks when coming in contact with it. The insulation of 



the entire system then depends upon the insulation of the 
generator conductors, from the frame ; if this breaks down, the 
system is grounded and the condition is indicated at once by 
the switchboard instruments. 
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1343. Is there any argument against grounding a gen- 
erator frame? 

Yes; the insulation resistance of the entire installation is 
reduced and there is an increased danger of shock from the 
line wires. These objections, however, can be overcome by 
employing a thorough system of insulation, — a precaution 
which should obtain in any case, and which in consequence 
lessens the force of the argument against the practice. 

1344. How may a generator frame be properly 
grounded? 

By securely fastening one end of a wire to the frame and 
the other to a main water pipe inside the building. With a 
direct-connected generator an excellent ground may be had 
through the engine coupling and piping. 

1345. Is there need of any precautionary constri^ction 
around high-potential generators? 

High-potential generators with their frames grounded 
should be surrounded by a wooden platform raised above the 
floor on porcelain or glass insulators so that those working 
about the machines may be protected from shock when ad- 
justing the brushes, etc. 

1346. Should not generators operating at 550 volts or 
less be grounded? 

No; they should be insulated from the ground by wooden 
base frames or a wooden floor kept perfectly dry and clean. 

1347. How should generators be protected when not in 
use? 

Waterproof covers should be placed over them. Otherwise 
water may get into the working parts and cause an armature 
or field coil to burn out when the machine is started. 

1348. What provision should be made in the station 
wiring and apparatus to afford safety from fire? 

The station wiring and apparatus should conform to the 
rules and requirements of the National Board of Fire Under- 
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Writers. These are embodied in the ** National Electric Code," 
a booklet which may be obtained free upon request from the 
electrical department of the National Board of Fire Under- 
writers, 135 William Street, New York City. 

1349. What kind of fire-extinguishing apparatus should 
be placed in the station? 

Every station should be supplied with a fire pump and an 
adequate line of pipe and hose. The pump* should be run at 
least once a week and kept in good working order. Care 
should be taken in locating the sprays and pipes so that water 
will not come in contact with the generators or the conductors. 
Also fire buckets filled with water should be placed in con- 
venient places. Furthermore, it is important to have at hand 
a number of buckets filled with dry sand, which may be used 
in extinguishing fire between electrical conductors where wa- 
ter would do more harm than good. The buckets should be 
kept covered to prevent the sand from being blown around 
in the station. 

1350. What should be done to insure cleanliness in the 
station? 

The machines must be kept free from grease and dirt. 
Greasy rags and waste should not be thrown carelessly around, 
but should be placed in cans provided for the purpose. Filing 
or repairing of any kind that produces dust or small par- 
ticles of metal should, if possible, be performed elsewhere 
than in the generator room. Another aid to cleanliness and 
order is to keep all supplies under lock and key in a store- 
room. 

1351. How should the stock in the store-room be han- 
dled? 

If the station is large, there should be a person whose only 
duty consists in keeping charge of the supplies ; and accurate 
accounts should be made by him of all receipts and disburse- 
ments. Applications for material should be made on regular 
printed forms which may be placed on file and used in keep- 
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ing the stock books and accounts. In smaller stations, the 
store-room keeper may perform other duties as well. 

1352. What is the best method of issuing orders to the 
station attendants? 

Having them plainly written and fastened by means of 
thumb tacks upon a bulletin board in a conspicuous part of 
the station. All operating orders, such as the dynamo sched- 
ule, circuit schedule and orders for changes, should be handled 
in this manner. Each dynamo and each circuit should have 
its number, and the orders should make it unmistakably plain 
as to when each dynamo shall start and stop; also during 
what time and from which machine, each circuit shall be 
operated. There should always be room left on the board for 
a notice to be posted when a high-voltage line is being worked 
on, and when a man is in a flywheel pit or in any other 
position where he is liable to be injured by the starting of 
some particular machine. 

1353. Why are reports of value in the operation of a 
plant? 

Without accurate reports an engineer cannot keep a check 
on what is being done. 

1354. What is the best way of collecting material for the 
reports? 

By means of recording instruments and keeping all the 
paper dials or cards obtained from them on file. Most of the 
necessary calculations may be made from these records. 
When the station is not provided with recording instruments, 
the different meters in service should be read at least every 
half hour and the readings entered on regular report blanks. 
In large stations there should be separate blanks for the dif- 
ferent departments, but in a small station one blank may be 
used for all. 

1355. Give an example of a common form of power 
house report. 
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Pig. 451 represents a power house report on four machines 
for one day, from midnight to midnight, the generators being 
driven by two water-wheels. Two of the generators are 550- 
volt direct-current machines, the third is a 2000-volt alter- 
nator having a capacity of 75 amperes, and the fourth an 
arc-light generator carrying a load of forty-five 2000 candle- 
power open arc lamps. There are but three circuits, the two 
direct-current generators being run in multiple when the 
load exceeds 100 amperes. 

1356. What information regarding the operation during 
the 24 hours may be obtained from the report. Fig. 451? 

In the vertical columns are recorded the readings on the 
instruments of each machine, at the end of every half hour. 
At the end of a day's run, the columns are added. and aver- 
aged; the values are then recorded in the upper right-hand 
corner, as shown. The voltmeter for the alternator is con- 
nected across the secondary wires of a transformer that re- 
duces the pressure to 100 volts when the current is gen- 
erated at 2000 volts; in other words, it transforms the volt- 
age in a ratio of 20 to 1. In making out the report, the volt- 
age across the secondary terminals of the transformer is 
recorded. The arc-light voltage across the terminals at the 
switchboard is recorded and indicates, approximately, the 
number of lamps burning when the readings are being taken. 
This voltage is usually entered in round figures, that is, to 
the nearest multiple of 50 — the voltage per lamp. The aver- 
age voltage is treated in the same manner. 

1357. How are the calculations relating to the individual 
generators arrived at? 

At the end of the day the average current from each gen- 
erator is multiplied by its average voltage, giving the aver- 
age watts developed by the machine. This multiplied by 
the number of hours it has been in operation and divided by 
1000 gives the output of the dynamo for the day, in kilowatt- 
hours. By adding together the outputs of the machines, the 
total work done by the plant will be found, which, in this 
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Fig. 451j — Form of Power House Report. 
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case, is 1846 kilowatt-hours. This may be changed to horse- 
power by multiplying by 1000 and dividing by 746 ; or what 
amounts to the same thing, by multiplying the number of 
kilowatt-hours by 1.34. 

1358. Why is it necessary to record the average number 
of arc and incandescent lamps that are burning during the 
run? 

Because the revenue of a lighting company is normally 
figured on this basis. 

1359. How is the average number of arc lamps calcu- 
lated for the report? 

• The number of arc lamps is directly proportional to the 
voltage of the arc dynamos; therefore, dividing the average 
pressure, 1550, by 50, which may be tak^ as the voltage of 
each lamp, the result will be approximately the average num- 
ber of lamps burning during the run of 13^ hours, which in 
this case is 31. 

1360. How is the average number of incandescent 
lamps calculated for the report? 

This may be calculated from the current of the alternator. 
The 16-candle-power lamp is taken as the standard, and it is 
customary to allow 50 watts for such a lamp. If the voltage 
is 100, each lamp will consume i ampere, and, since the ratio 
of the transformer is 20 : 1, 20 amperes in the secondary 
winding will result from a current of 1 ampere in the pri- 
mary ; consequently there will be 40 lamps (20 -^ J) burning 
in the secondary circuit for each ampere of current gen- 
erated by the alternator. The machine was delivering on an 
average 31 amperes, making the average number of incan- 
descent lamps 

31 X 40 = 1240. 
Multiplying this number by 22^ hours during which the 
alternator was running, shows the number of lamp-hours to 
be 27,900. '■ 

1361. Is it not sometimes more desirable to know the 
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total kilowatt-hours supplied to the different parts of a 
system, than to know the average number of lamps 
burning? 

It may be ; in which case this part of the report should be 
changed to suit conditions. 

1362. What information belongs under the heading '' Re- 
marks "? 

Notes regarding the general condition of the plant and of 
the individual machines, especially when anything out of 
the regular order occurs. It is especially important to give 
an accurate and minute description of all accidents, together 
with their causes. Carefulness in this matter often enables 
the engineer to shake off responsibilities that are liable to 
be heaped upon him by other parties. 

1363. What conditions besides those previously men- 
tioned will affect the general make-up of the report? 

When there are many different circuits, the time when they 
are opened and when they are closed should be noted, to- 
gether with the conditions of the circuits. When this is done, 
it is best also to note the state of the weather, since that 
greatly affects the condition of the lines. 

The report shown is for a water-power plant. When steam 
is used, a report of the boiler room, etc., is usually included. 
An extra column is also provided for a record of the steam 
pressure, and space must be left to show when the fires are 
started, when the boilers are cleaned, the amount of fuel 
received and consumed, and further data necessary to make 
a complete report. Here, again, a variation may take place. 
A separate report may be kept of the steam plant, which 
may be done by an engineer who has nothing whatever to do 
with the dynamos, etc. This method is generally adopted in 
large plants, but in small plants it is not necessary and will 
only cause extra labor. 

1364. How often should power-house reports be turned 
in to the office? 

In most companies it is required that a report be sent to 
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the office each day ; but sometimes only the general informa- 
tion regarding load and accidents is wanted, in which case it 
is advisable always to make out a full report as explained, 
and then make a synopsis of this for the office. 

1365. What is the best method of furnishing the office 
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Fig. 452. — Typical Load Curves. 

with information regarding the loads carried by the different 
machines? 

Plot the readings on a sheet of co-ordinate paper, as shown 
in Pig. 452. 

1366. Explain how the graphical report in Fig. 452 fur- 
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nishes information regarding the loads on the generators 
recorded in Fig. 451. 

Curve A represents the output of dynamos Nos. 1 and 2, 
curve B the output of the alternator and curve C the output 
of the arc-lamp dynamo. The height of the curve B, for 
instance, at 8 p.m. shows the output of the alternator at that 
moment to be 165 kilowatts. When desired, a curve may be 
similarly drawn showing the combined output of all the 
generators. 

1367. Does the management of a substation differ from 
that of a central station? 

Only in minor details. Rotary converters with synchronous 
motors, as has previously been explained, are started some- 
what differently from ordinary generators and they are not 
handled in exactly the same way when they are brought to 
rest. They are, however, taken care of and repaired in the 
same manner as generators. The principal thing to observe 
is that these machines must not be thrown onto the line unless 
they are in step with the apparatus supplying the current. 
They must also be protected with reliable safety devices that 
will open the circuit if they should be pulled out of step. 

1368. Is electrical station work a dangerous occupation 
on account of the possibility of receiving shocks? 

It is dangerous work for careless men, especially where the 
current is generated at high voltage. Because a wire or bus- 
bar carrying current appears the same as it would were it 
not carrying current, the workers must rely entirely upon 
their knowledge of the circuit conditions. Ordinarily, it is 
not difficult to trace out a circuit before working upon it, to 
determine whether it is connected to a live source and thereby 
avoid danger. 

1369. Is the human body a good conductor of electricity? 

It is a poor conductor; under the most favorable condi- 
tions it offers a resistance of about 2500 ohms. This is the 
resistance of 300 miles of ordinary telegraph wire. The chief 
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resistance is that of the skin which, when dry, is about 
100,000 ohms. 

15.70. What voltage isL considered fatal? 

Less than one ampere (about 0.8 ampere) of current flow- 
ing through the body will produce death, although less than 
this is often fatal. With the resistance of the body taken at 
2500 ohms, the voltage corresponding to the fatal current is, 
according to Ohm's law, 

0.8 X 2500 = 2000 volts. 

However, people are frequently killed by much less voltage 
than this. 

1371. What voltage is considered dangerous? 

As before stated, the skin of the body offers a high resist- 
ance, and this is particularly true of the hardened skin about 
the hands, where accidental contact is usually made. Be- 
cause of this, shocks from pressures below 200 volts need be 
avoided only on account of the unpleasant sensations. With 
pressures about 200 volts, care should be exercised to guard 
against accidents and particularly so in the case of alternating 
current. 

1372. Have not persons lived after receiving 100,000 
volts or more? 

Yes ; voltages as high as 100,000, which are confined to alter- 
nating currents of high frequency, often produce what is 
known as a ** skin effect," that is, the currents do not pene- 
trate the body to any extent but pass over its surface. There- 
fore, very high voltages are less frequently fatal than mod- 
erately high ones. 

1373. What is the best safeguard against dangerous or 
fatal shocks? 

The best safeguard is to make all connections before the 
current is passed through the circuit. This may be accom- 
plished by introducing a switch in series with each of the 
main supply wires and the rest of the circuit; and leaving 
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these main switches open until all the other connections are 
made. 

1374. If the safeguard just mentioned is not practicable, 
what are the next best precautions? 

When working on live circuits, never place the body so that 
it can come in series with the circuit, or in contact with a part 
of the circuit at a potential dijBferent from that of the wire 
being held. To prevent this, stand on a dry piece of wood or 
other insulator and work with one hand as much as possible, 
keeping the other on some insulating support or in the 
pocket. 

In the case of alternating currents having pressures above 
1000 volts, too much care cannot be taken, as the leakage is 
^ often sufficient to cause a dangerous shock, even though direct 
contact is not made with the charged parts. Insulated wire 
often fails to give protection, and it should not be touched 
unless one stand^ on a well-insulated support and wears rub- 
ber gloves, rubber shoes, or both. It is always well to use 
tools having insulated handles. 

1375. What are the chances of successfully reviving vic- 
tims of electrical shocks? 

Prompt and continued efforts along the proper lines have 
proved successful. In order that the task may not be under- 
taken in a half-hearted manner, it is well to bear in mind 
that accidental shocks seldom result in death unless the vic- 
tim is left unaided for too long a time, or efforts at reviving 
are stopped too soon. In the majority of instances, owing 
to short and imperfect contact with the conductors, the shock 
merely temporarily paralyzes the nerves controlling the 
muscles of respiration. 

1376. What should first be done to revive a victim of 
electrical shock? 

The body must be removed at once from the circuit by 
breaking contact with the conductors. This may be done with- 
out danger of shock to the rescuer by using a dry stick of 
wood with which to roll the body over to one side, or to brush 
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away the live wire. In the absence of a stick, any dry piece 
of clothing may be used in seizing the victim. If the body is 
in contact with the earth, the coat tails of the victim, or any 
part of his clothing, if dry, may safely be seized to draw the 
body away from the conductors. Care should be taken, how- 
ever, not to touch the soles or heels of his shoes while he 
remains in contact with the live wire, as the nails are con- 
ductors. 

1377. If the body must be touched in order to move it 
away from contact with the circuit, what precautions 
should be observed? 

Cover the hands with rubber gloves, a mackintosh, rubber 
sheeting or dry cloth and stand on a dry board or on some 
other dry insulating surface. It is safer to use only one 
hand. In case the victim is conducting the current to ground, 
and is convulsively clutching the live conductor, it may be 
easier to break the circuit through his body by lifting him 
than by leaving him on the ground and trying to break 
his grasp. A still easier and a much safer and better way, 
of course, is to open the switch if it is nearby. 

1378. If necessary to cut a live wire in order to break 
the circuit, how should it be done? 

Use an ax or a hatchet with a dry wooden handle, or thor- 
oughly insulated pliers. 

1379. After the body has been removed from the circuit, 
what course should be followed? 

Send for the nearest doctor; this should be done without 
a moment's delay. Then quickly feel in the victim's mouth 
and remove any foreign matter such as tobacco, false teeth, 
etc. Having done this, efforts should be made to force the 
victim to breathe. Do not stop to loosen the patient's cloth- 
ing; every moment of delay is serious. 

1380. What method should be employed to force the 
victim to breathe? 

The Schaefer or ** prone pressure " method has been rec- 
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ommended by a joint committee of the American Medical 
Association, the Ameriean Institute of Electrical Engineers 
and the National Electric Light Association, and this method 
should be employed. 

1381, Explain in detail what should be done in accord- 
ance with the method referred to in Answer 13S0. 

Lay the subject upon his abdomen as in Fig. 453, with arms 



Fig. 453. — Treatment for Electrical Shock; Inapiration — Pressure Off. 

extended as straight forward as possible, and with face to 
one side so that the nose and mouth are free for breathing. 
If possible, avoid so laying the body that any burned places 
are pressed upon; and do not permit bystanders to crowd 
around and shut off fresh air. 

Kneel straddling the subject's thighs and facing his head; 
rest the palms of the hands on his loins, that is, the muscles 
in the small of his back, and have the thumbs nearly touching 
each other, with the fingers spread over the lowest ribs as 
shown in the illustration. 

With the arms held straight, swing slowly forward so that 
the weight of the body is gradually brought to bear upon his 
back as shown in Fig. 454. This operation, which should 
take from two to three seconds, must not be violent, else the 
internal organs may be injured. It tends to compress the 
lower part of the chest and the abdomen, and drive out air 
fronj the lungs. 
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Now immediately swing backward so as to remove the pres- 
BQte, but leave the hands in place, thus returning to the 
position in Pig. 453. This relieves the pressure, allowing 
the lungs to expand through their elasticity and take in air. 
After two seconds, swing forward again, and repeat the double 
movement of compression and release twelve to fifteen times 
a minute, — a complete respiration in four or five seconds. 

1383. It a watch or clock is not at hand, what is a safe 
way to time the backward and forward movements of the 
body? 

Fdlow the natural rate of your own deep breathing, — 



Fig. 454. — Treatment for Electrical Shock; Expiration — Preeaure On. 

swinging forward with each respiration, and backward with 
each inspiration. While this is being done, an assistant should 
loosen any tight clothing about the subject's neck, chest or 
waist. 

1383. How long a time should the periodic movements 
be continued? 

The backward and forward movement should be con- 
tinued, if necessary, two hours or longer, without inter- 
ruption, until natural breathing is restored or until a physi- 
cian arrives. Even after natural breathing begins, carefully 
watch that it continues. If it stops, start the movement again. 
During the period of operation, an assistant should keep 
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the subject warm by applying a covering or laying beside his 
body bottles or rubber bags filled with warm water. 

1384. Would stimulants help in reviving the victim? 

It is not advisable to give any liquids whatever by mouth 
until the subject is fully conscious, as this would temporarily 
interfere with his breathing. 

1385. How should burns on the body, caused by elec- 
tricity, be treated? 

The raw or blistered surface should be protected from the 
air. If clothing sticks to it, do not peel it off — cut around 
it. The adherent cloth, or a dressing of cotton or other 
soft material applied to .the burned surface, should be satu- 
rated with picric acid (0.5 per cent.). If this is not at hand, 
a solution of baking soda (one teaspoonful to a pint of water) 
may be used, or the wound may be coated with a paste of 
flour and water. Or it may be protected with a heavy oil, 
such as machine oil, transformer oil, vaseline, linseed, carron 
or olive oil. Cover the dressing with cotton, gauze, lint, clean 
waste, clean handkerchief or other soft cloth, held tightly in 
place by a bandage. The same coverings should be lightly 
bandaged over a dry, charred burn, but without wetting the 
burned part or applying oil to it. Blisters should not be 
opened. 

1386. Who is responsible for the supervision and control 
of an electrical station? 

The superintendent or manager 

1387. What qualifications must a station employee pos- 
sess in order to succeed as the superintendent or manager? 

He must have an intimate knowledge of local conditions 
and requirements, have practical experience in the running 
of generators, motors, transformers, etc., and understand their 
principles of operation. He should be keen of perception, 
so that on his regular tours of inspection about the plant 
he will be sure to locate wear or irregular operation of the 
station equipment. The monotony of continual contact with 
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his surroundings tends to render the station attendant ob- 
livious to these matters, which should therefore be carefully 
watched by the superintendent. He must also possess execu- 
tive and business ability and have strict integrity. 

1388. What is one of the first problems that often con- 
fronts the new superintendent? 

He is frequently given an electrical station equipped with 
old apparatus and machinery and is confronted with the 
problem of increasing the net earnings without making any 
radical changes in the equipment. 

1389. How can the superintendent best solve the prob- 
lem mentioned in Answer 1388? 

Inasmuch as thousands of dollars have probably been in- 
vested in the installation, it is usually impracticable to scrap 
the old apparatus and machinery at the start and purchase 
an entirely new equipment. The new superintendent should 
therefore be content temporarily with the existing apparatus, 
but he should investigate the situation thoroughly so that 
when money is available he will be able to make the most 
necessary additions and improvements to the plant. 

1390. What principle should serve as a guide in making 
additions and improvements? 

Make the station conform to modern practice so as to reduce 
as much as possible the cost of current production. In this 
connection it is well to bear in mind that boilers, engines, 
generators and similar equipment cannot usually be pur- 
chased at bargain prices and turn out satisfactorily. The 
kind of workmanship and the quality of the materials that 
must necessarily be used in a generator, for example, to pro- 
duce good permanent results, are of such a standard as to 
force the price above that ordinarily asked for most any 
other machine of a similar weight and size. Generators and 
motors at bargain-counter prices are the most expensive ones 
in the end, and it behooves the purchaser to deal only with 
reputable concerns which have the welfare of their cus- 
tomers at heart. 
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1391. Give an approximate idea of the cost of modern 
power plant equipment. 

Ei^uiPMBNT Cost Inbtallvd 

Boilers, fire tube $11 per B. H. P. 

Boilers, water tube .$14 per B. H. P. 

Engines, simple, high speed $13 per I. H. P. 

Engines, compound, medium speed $19 per I. H. P. 

Generators, direct connected $15 per kilowatt 

Switchboards $7 per kilowatt 

1392. How should the recommendations for changes 
and improvements in a power plant be put before the 
directors? 

They should be formed into a clear statement, covering 
the best kind of apparatus to install, the cost and the probable 
profit resulting through its installation. 

1393. If the suggestions are approved, and, when put 
into effect, result in an increase of business, what should 
be the next move? 

The money resulting from the increased business should be 
applied to further alterations and extensions of the plant. 
Gradually, the transformation of the station will thus be 
brought about, and when satisfactory conditions are once 
secured, every effort should be made toward their maintenance. 

1394. What are the best methods of obtaining good men 
and retaining their services? 

Showing appreciation of their work by paying them what 
they are worth and advancing them to higher positions when 
vacancies occur or new situations open up. 

1395. How should the superintendent be governed in 
issuing orders to his subordinates? 

The orders must be worded plainly and should be of such 
a nature that they may be enforced to the letter. Under no 
conditions must favoritism be shown, and social or political 
infiuence should not be considered in the proper enforce- 
ment of the orders and regulations of the station. 
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1396. What amount of technical training should a man 
have in order to become a competent station superin- 
tendent? 

He should preferably have three or four years' study and 
experimental work in electrical engineering at a technical 
school. If he has a persistent, studious nature and is natu- 
rally inclined toward the subject, he may obtain the theoretical 
training by home study. 

1397. What amount of practical training should a man 
have to become a competent station superintendent? 

The technical training should be supplemented with sev- 
eral years' practical training. A number of our large elec- 
trical manufacturing concerns have regular channels through 
which one possessing a technical education and being fortu- 
nate enough to enter, can secure much valuable experience 
in the design, construction, testing and operation of the vari- 
ous classes of electrical machines. 

1398. How is the actual worth of a station superin- 
tendent to his company usually judged? 

Prom a profit-making basis. 

1399. Give some, general rules for increasing the net 
profits. 

Reduce the operation and maintenance expenses to a mini- 
mum. After figuring the former on a kilowatt-hour basis, 
compare them with corresponding expenses in similar sta- 
tions, and determine in which direction efforts should be 
made toward reduction. To reduce the cost of maintenance, 
have frequent inspections made of all machines an(J ap- 
pliances, and whenever a defect is first noted have it attended 
to at once. 

1400. What privileges should be given the station super- 
intendent by his employers? 

Inasmuch as the superintendent is held directly responsible 
for the results, he should be given the privilege of putting into 
effect whatever methods he deems advisable. His methods 
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should not be disputed or confidence lost in his ability until 
positive proof of failure is at hand. In the meanwhile his 
employers should endow him with full power so that his sub- 
ordinates will regard him as the one man in authority whose 
orders are not to be questioned. 
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156-159, 165, 227, 478- 
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479, 484, 485 
Auxiliary magnet poles, 182 
pole generators, 182, 183 
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584 
Bedplate of generator, 163, 168 
Bellows, air-, 71, 510, 516 



Belt, 147, 153, 154, 220, 510, 511, 
532, 535, 537, 538, 539, 
573, 574 
Belts, railings around, 699 
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Brush position, 504 

pressure, 141, 142, 146, 503, 

504, 516, 550 
shifting device on induction 
motors, 589, 590, 591 
Buckets, fire, 702 
Buckling of storage battery plates, 

83, 84 
Bulb, frosted lamp, 637, 638 

incandescent lamp, 627, 629, 

630, 637, 638 
mercury rectifier, 678-680 
Bulletin board, 703 
Burns, treatment for electric, 715 
Bus-bar connections, 385, 387-389 
Bus-bars, 387-391, 395, 439, 440, 
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469, 470 
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connection, 386 
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racks, 472, 473 
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644, 647, 648, 653 
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653-656 
cylinder cell, 44-46 
dioxide gas, 648-650 
filament, 627, 628, 630, 632, 

633, 636 
rods, arc lamp, 651-654, 656, 
657, 669, 671, 673, 681, 
682 
Carbons, sputtering, 655 



Care and management of arc 

lamps, 681-683 
Carelessness in station work, 709 
Carrying capacity of copper wire, 
current, 20-25, 26, 390, 
391 
Cathodes, 679, 680 
Cell, battery, 35 

Centigrade thermometer, 13, 526 
Centrifugal force, 369 
governor, 597-599 
Characteristic curves of generators, 
127, 128, 131, 132, 135, 
136 
Charge, electrostatic, 360, 361 
Charging storage cells, 55, ^8, 59, 
61, 64, 65, 67, 68, 70, 71, 
75-80, 85, 607, 611 
Chemical reactions in primary 
cells, 43, 46, 47, 49, 51, 53 
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symbols, 33 
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Choke coils, 405, 423-425, 662, 663, 

668 
Circuit breakers, 405, 412-416, 
424, 432, 437, 440, 443- 
445, 456, 460, 509, 624 
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reverse current, 416 
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series, 27, 28, 35-37 
series-parallel, 28, 30, 37, 38 
Circuits, alternating-current, 191, 
197, 201, 204-212, 243, 
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battery, 36-38 

electrical, 27-31, 36-38, 603- 
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221, 294, 399, 402, 417, 
423 
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Circuits in metallic flame arc lamp, 
675 
. lighting, 633, 647 

non-inductive, 190, 192, 195, 
199, 399, 419-422 
Circuit, three-phase, 208-212, 250- 
253, 565, 604. 605 
three-wire, 175-177, 507, 508 
two-phase, 204-207, 212, 249, 
250, 603-605 
Circular mil, 20-22, 25, 390 
Circulation of air in arc lamp, 677 
Cleaning brushes, 141 
Cleanliness in the station, 702 
Cleats, porcelain, 388 
Clutch, arc lamp, 681-683 

centrifugal, 601, 602 
Code, National Electric, 702 
Coefficient, temperature, 285, 286 
CoUector rings, 113, 178, 216, 227, 
229, 237, 242, 569, 610, 
613-615, 622, 623 
Colored lamp bulbs, 638 
Commutating magnet poles, 182 

pole motors, 554,- 555 
Commutation, 484, 616 
Commutator, 118-121, 123, 137, 
138, 144, 147, 149, 154, 
161, 166, 227, 478, 479, 
610, 515, 517, 518, 526, 
527, 537, 543, 551, 592, 
596-600, 612, 622-625 
from armature, removing, 521 
rough, 517-520 
sandpapering, 518, 537 
single-phase motor, 592-599 
truing device, 520 
Compass, 92, 109-111, 522 
Compensated repulsion motors, 596 
Compensating field winding, 230, 

231 
Compoimd generators, 132-136, 
164, 174, 449, 453-455 
in parallel operation, 450, 
451 



Compoimd generators in series 
connection, 449 
on a three-wire system, 453- 

455 
switchboard wiring for, 451- 
455 
motors, 495, 496, 502, 503, 

553, 554, 560 
series-parallel circuit, 28, 31 
Concealed wiring, 685, 686 
Condensers, 201, 202, 294-296, 299, 

563, 570 
Conduction of heat in a motor, 530, 

533 
Conductivity, 14, 15, 29, 390 
Conductor, human body as an 
electrical, 709, 710 
resistance affected by shape 

of, 390, 391 
supports, 471-474 
Conductors, 3-5, 14-16, 385, 387- 
391 
painting exposed, 699 
Conduit, 686, 691 
Connecting cables, 386 
lugs, 386 

storage battery cells, 71, 72 
wires, 380-386 
Connection, ground, 418, 419, 476 
of arc lamps in circuit, 683- 

686 
sleeve, 381-383 
three-phase mesh, 208, 210- 
212, 251-253 
Connections, ammeter, 311, 312, 
317, 318 
contact surface in, 389 
lightning arrester, 417, 418, 476 
mercury rectifier, 678 
of a converter, synchronizing, 

621 
rheostat, 433 

single-phase motor, 603-605 
switchboard, 380-386 
transformer, 248-254, 603, 604 
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Connections, voltmeter, 301, 302, 
306, 307, 438 
wattmeter, 346, 347 
Constant-current arc lamps, 657, 
658, 665^68, 678, 704- 
706 
generators, 129 
motors, 496, 497 
regulating transformers, 678, 
679 
direct-current, 678, 679 
-potential arc lamps, 657-662, 
664, 678 
motors, 487-496 
Consumption of carbon in arc 

lamps, 653-656 
Contact resistance, 271, 284 

surface in connections, 389 
Converters, rotary, 606-608, 612- 

626, 687, 688 
Cooling coil, transformer, 260, 261 
Cooper Hewitt lamp, 644-648 
Copper bar conductors, 385, 387- 
391 
conductors and fittings, cost 
of, 391 
weight of, 391 
strip field winding, 164, 174, 

182, 229, 232, 236 
wire, dimensions, current car- 
rying capacities and 
resistances of, 5, 19-26, 
390, 391 
gage, 18, 19 
Cored carbon rods, 657, 673 
Core loss, armature, 499, 500 
rotor, 386 

transformer, 244, 246, 256, 
263-265 
Cost and maintenance of arc lamps, 
655, 685 
of incandescent lamps, 632, 

637, 638 
of power plant equipment, 
716, 717 



Cost, total lamp, 637, 638 

Coulomb, 9 

Counter electromotive force, 192,. 

195, 480,' 481, 490, 564, 
568, 662 

Covers for generators, waterproof, 

701 
Critical current of series generator, 

128, 129 
Cross-arms, 473 
Current, alternating, 113, 111, 119, 

121, 122, 183-212, 194r- 

196, 198, 202-212, 243, 
336-338, 341, 345, 389, 
390, 664-571, 582, 606. 
613, 626, 640, 649, 651, 
654r-656, 687, 688, 710 * 

carrying capacity of copper 
wire, 20-26, 390, 391 
of fuses, 406-408 
of switches, 401, 402 

curve, 114, 119, 121, 190, 
192, 198, 203 

direct, 4-6, 8, 11, 25-27, 29- 
31, 121, 183, 184, 315, 
389, 390, 481, 486, 48^ 
490, 606, 626, 640, 651, 
653, 654, 688, 710 

direction of flow of induced, 
107 

effective, 191, 200 

for induction motois, start- 
ing, 576, 577 

heating effect of, 627, 640, 
651 

instantaneous values of, 190, 
191,200 

lamp, 640, 651, 653 

leakage, 696 

polyphase, 117, 202 

quarter-phase, 202 

recorder, maximum, 351, 352, 
353 

single-phase, 189, 190, 202, 
217, 243, 566 
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Current, three-phase, 116, 117, 207, 
208, 253, 254 
transformers,' 266-267 
two-phase, 116, 121, 202-204, 
253, 264 
Curve, current, 114, 119, 121, 190, 
192, 198, 203 
electromotive force, 114, 121, 

186-188, 192-194, 198 
load, 67, 69, 708, 709 
of sparking distances, 331, 332 
power, 198, 199 
sine, 186, 187 
Curves, magnetization, 9&-100 
of transformer efficiency, 247 
permeability, 100 
Cut-out, arc lamp, 666-668, 676 
Nernst lamp, 639, 641, 642, 

644 
plug, 405, 410, 411 
Cycle, 115, 116, 188, 189, 215, 362, 
562, 567, 615, 640 

Damp armature coils, 530, 531 

Damper, magnetic, 302 

D' Arson val galvanometer, 272- 

275, 286 
Dash-pot, 659, 662, 682, 683 
Daylight color values, 633, 649, 653 
Decorative lighting, 630, 639 
Defects, •alternator, 219-222, 224, 
225 
direct-current generator, 137- 
154 
motor, 510-541 
primary battery, 38-42, 44, 

47, 50, 53 
storage battery, 54, 70-73, 79, 

83-89 
transformer, 245-247, 249, 
256-258 
Detectors, ground, 358-361, 438, 
440, 442, 443 456, 460, 
461, 463 
Dial, how to read a meter, 357, 358 



Dial, meter scale, 300, 302, 308, 
309, 311, 316, 342, 350, 
351, 353, 357, 358 
Dielectric, 201 

Differential arc lamp mechanism, 
668, 672 
. booster, 689 
wmding, 348 
Diffusing lamp globes, 637 
Dimensions of copper wire, 19-23, 

25 
Direct-connected generators, 163, 
173, 220, 606 
motors, 549, 550, 606 
current, 4-6, 8, 11, 25-27, 29- 
31, 121, 183, 184, 315, 
389, 390, 481, 486, 488- 
490, 606, 626, 640, 651, 
653, 654, 688, 710 
ammeters, 311-318, 349, 

350, 351 
arc lamps, 651-655, 658- 

663, 665-668, 677 
armature windings, 118- 
123, 142, 143, 150, 157- 
159, 169, 170, 175, 484, 
604, 530, 546, 606, 611- 
613, 615 
circuit lightning arresters, 

421, 422 
constant, 678, 679 
generator defects and reme- 
dies, 137-154 
precautions, 443, 445 
generators, 103, 109, 118- 
184, 213, 443-451, 606, 
60a-611, 704, 705 
parallel operation of, 445- 

451 
series operation of, 447- 

449 
starting, 443, 444 
stopping, 444, 445 
into alternating current, 
converting, 606, 678, 679 
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Direct-current motor defects and 
remedies, 510-541 
motors, 477-560, 606, 608^ 
611 
precautions in starting, 
503-509 
in stopping, 508 
principles of, 103, 111, 
477-487 
motor starting current, 481 

temperatures, 524, 526 
motors, typical forms of, 

542-560 
voltmeters, 300-311, 318 
-deflection method of measur- 
ing resistance, 286-289, 
294 
electromotive force (voltage, 
difference of potential, 
pressure), 3-6, 8, 11, 25, 
26, 107, 108, 122, 123, 
183, 184, 278, 281, 300, 
304, 305, 481, 507, 540, 
606-608, 614r-619, 633, 
688, 689, 699, 710 
Direction of rotation of armature, 
490-492, 502, 503, 569, 
619 
Direct-reading meters, 301, 334, 

341 
Discharge, lightning, 416, 417, 420- 
423 
points, 330 
Discharging storage cells, 58, 59, 
64, 65, 67, 68, 80, 81, 83 
Distance between wires, 434, 471 
Distortion of magnetic field, 482, 

483 
Double-current generator, 626 

-pole switches, 332, 398, 400, 

401 
-throw switches, 400-402 
Drainage of substation, 691 
Drawing a sine curve, method of, 
186 



Drop method of measuring re- 
sistance, 293, 294 

Dry cell, 38, 52, 53 

Dust affecting brilliancy of in- 
candescent lamps, 637 

Dynamometer, Siemens, 334-338, 
341 

Dynamotors, 606, 607, 611, 612 

Earnings of electric station, net, 

716 
Earth a magnet, 92 
Economizer of flame arc lamp, 671 
Eddy current loss, 102, 123, 227, 
232, 240, 246 
currents, 102, 123, 147, 150, 
151, 164, 167, 168, 246, 
357, 483, 484, 497, 529, 
530 
Edgewise meters, 308, 310, 311, 

317, 328 
Edison lamp base, 634 
primary cell, 47-50 
storage cell, 62, 63, 70 
Effective current, 191, 200 

electromotive force, 191, 200 
Efficiency, 570, 571, 581 
arc lamp, 673 
commercial, 501 
electrical, 501 
generator, 123, 124 
lamp, 647 

motor, 497-499, 501 
storage battery, 55, 64, 89 
transformer, 247, 248 
Electrically-operated switches, 404, 

405 
Electrical measuring instruments, 
111, 112, 269-365 
method of testing tempera- 
tures, 524-526 
units, 6-13 
Electric burns, treatment for, 715 

code, national, 702 
Electricity, 1 
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Electricity compared with water, 3 
leading principles of, 1-5 
methods of generating, 2, 32, 

54, 106 
static, 539, 540 
Electric railways, 687, 688 

shocks, 332, 372, 374, 701, 709- 
715 
precautions against, 710- 

712 
reviving victims of, 711-715 
station expenses, 718 
net profits, 718 
operation and maintenance, 

69^718 
management of, 699-719 
superintendent, 715-719 
supplies, 702 

switchboard, 367-369, 378 
Electrodes, metallic arc lamp, 674- 

676 
Electrolytic work, 370 
Electromagnetic induction, 12, 13, 

106-117, 195 
Electromagnetism, polarity due to, 

110, 302, 303 
Electromagnets, 96-^104, 112, 124- 
127, 150, 156, 159, 162, 
163, 166, 168, 171, 173, 
174, 213, 214, 220, 227, 
236, 239, 412-414, 430, 
431, 642, 646, 658^ 665, 
666, 668, 675, 676 
Electromotive force (voltage^ dif- 
ference of potential, pres- 
sure), alternating, 112- 
116, 118, 183-187^ 205- 
207, 209, 210, 213, 214, 
217, 243-245, 248, 250, 
318, 319, 328, 331, 332, 
464, 465, 606-608, 613- 
615, 633, 679, 699, 700, 
710, 711 
counter, 192, 195, 480, 481, 
490, 564, 568, 662 



Electromotive force curve, 114, 121, 
185-188, 192-194, 198 
(voltage, difference of po- 
tential, pressure), direct, 
3-6, 8, 11, 25, 26, 107, 
108, 122, 123, 183, 184, 
278, 281, 300, 304, 305, 
481, 507, 540, 60&-608. 
614-619, 633, 688, 689, 
699, 710 
inductive, 192-194 
instantaneous values of, 

190, 191, 200 
resultant, 193, 194 
Electrostatic balance, 332-334 
precautions for, 334 
charge, 360, 361 
voltmeters, 328-334 

precautions for, 331, 332, 334 
Employees, methods of obtaining 

good station; 717 
Enclosed arc lamps, 653-658, 668, 
669, 682, 685 
fuse, 408-410, 685, 686 
motors, 548 
End-cell switch, 82 

play of armature shaft, 517, 
532, 533, 572, 622 
Energy, 12, 353, 477, 497, 662, 663 
Engine-type generators, 163, 240 
Equalizer, 449-451, 454 

rings, 170, 616 
Equipment, cost of power plant, 

716, 717 
Etching a lamp bulb, acid, 638 
Exciter, 220, 230-232, 235, 458, 

462, 466 
Expenses of electric station, 718 
Exposed wiring, 685, 686 
Eye-bolt, 573 

Fahrenheit thermometer, 13, 526 
Farad, 12 

Fatal voltage and current, 710 
Feed, arc lamp, 659, 669, 672, 682 
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Ferrule contact for fuse connection, 

409 
Field coils, series, 551, 553 
shunt, 543, 553 
tests for, 522, 528 

excitation, switchboard wiring 
for, 457, 458, 461 

magnet, 112, 124-127, 150, 
156, 159, 162, 163, 166, 
168, 171, 173, 174, 213, 
214, 220, 227, 236, 239, 
482, 483, 510, 522, 525, 
640, 542, 557, 563, 565, 
606, 612 

magnetic, 94, 95, 145, 477- 
479, 482, 483, 489, 490, 
494r^97, 563, 566, 600 

resistance loss, 124, 500 

resultant, 482-484 

rotary magnetic, 566, 567, 600, 
602 

windings, 126, 127, 130, 132- 
135, 145-147, 150, 160, 
164, 174, 182, 183, 22^ 
232, 236, 488, 494, 495, 
628, 529, 543, 546, 551, 
653, 554, 557, 568, 569, 
610, 612, 616, 617, 619, 
620 

winding, ventilation, 174, 239 
Filament, carbon, 627, 628, 630, 
632, 633, 636 

lamps, 627-638 

adaptability of, 637 

metallic, 631, 632 

metallized carbon, 631, 633 

resistance, lamp, 632 

tantalum, 631-633 

tungsten, 631-633, 636, 637 
File rest, 519, 520 
Filing the commutator, 518, 519 
Fire buckets, 702 

-extinguishing apparatus, 702 

-proof switch compartments, 
373, 374 



Fire risk, 369, 372, 655, 685, 690, 

701,702 
Fittings, switchboard, 379, 380- 

396 
Flame arc lamps, 668-678 
Flashing, 144, 624 
Flux of magnetic lines of force, 94, 

96,245 
Force, magnetic lines of, 94-96, 
98-104, 106-111, 245, 
477-479 
of magnetic action, 95, 477- 
479, 484, 485 
Form of a motor, 572 
Forms of induction motors, 585- 

605 
Foundation, motor, 501, 502, 573, 
674 
switchboard, 380 
Frame grounded, generator, 699- 
701 
motor, 573, 586, 596 
Frequency, 115, 116, 188, 189, 195, 
196, 227, 324, 327, 362, 
420^ 424, 562-564, 567, 
680,^681, 615, 622, 640, 710 
meter, 362, 363 
Friction, 123, 499, 500, 508, 511, 

623, 538, 541 
Frosted lamp bulbs, 637, 638 
Fumes, sulphuric acid, 690 
Fuse, block, 375, 407 

current carrying capacity of, 

406^408 
enclosed, 408-410, 685, 686 
indicator, 408, 409 
open, 406, 409, 410 
Fuses, 405-411, 430, 437, 440, 443, 
458, 460, 509, 575, 576 
protection afforded by, 407, 
411, 412, 430 
Fusible wire, 249 

Gage, copper wire, 18, 19 
Galvanometer precautions, 274-276 
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Galvanometer scale, 274-276 
sensibility of, 276, 298 
shunt, 276, 286, 288 
Galvanometers, 270, 272-278, 280, 

286, 288, 294-298 
Gas, ammonia, 42, 43, 46 
carbon dioxide, 648-650 
hydrogen, 34, 38-40, 42, 43, 

45, 46, 49, 641, 690 
nitrogen, 650 
Gem lamp, 631 
Generating electricity, methods of, 

2, 32, 54, 106 
Generator efficiency, 123, 124 
frame, grounded, 699-701 
insulated platform for, 701 
losses, 123, 124 
output, 626 
Generators, alternating-c u r r e n t, 
103, 109, 116, 117, 184, 
185, 200, 203, 208, 213- 
242, 606, 610, 704, 705 
arc light, 704, 705 
auxiliary pole, 182, 183 
bipolar, 159 
characteristic curves of, 127, 

128, 131, 132, 135, 136 
compound, 132-136, 164, 174, 

449, 453-455 
constant-current, 129 
direct-connected, 163, 173, 

220, 606 
direct-current, 103, 109, 118- 
184, 213, 443-451, 606, 
608-611, 704, 705 
double-current, 626 
engine-type, 163, 240 
multipolar, 159, 162 
over-compounded, 136 
self-excited, 125, 126, 220 
separately excited, 125, 220 
series, 126-129, 447-449, 490, 

491 
shunt, 130-132, 173, 435-447, 
491-492 



Generators, three-wire, 175, 177- 
181 
waterproof covers for, 701 
German silver, 14, 15, 133, 269, 

271, 285, 409 
Gilbert, 98 

Glass bead insulators, 672 
Globes, arc lamp, 653, 654, 657, 
662, 681, 685 
diffusing lamp, 637 . 
Gloves, rubber, 331 
Glower, Nernst lamp, 639, 640 
Governor, centrifugal, 597-599 
Graphical power house report, 708, 

709 
Graphite, 679-681 
Gravity cell, 50-52 
Ground, 358-361 

connection, 418, 419, 476 
detectors, 358-361, 438, 440, 
442, 443, 456, 460, 461, 
463 
Grounded armature, 143, 144, 538, 
539 
generator frame, 699-701 
Grounding transformer secondary, 

256-258 
Ground plate, 419 
wire, 419, 476 

Heater, Nernst lamp, 639, 640, 

644 
Heating, 147-153, 164, 487, 497, 

499, 510, 522-533 
effect of current, 627, 640, 651 
Henry, 12, 13 

High-potential switches, 402-405 
High-voltage station, switchboard 

in, 372, 373, 387, 388 
Hissing arc, 682 

Horse-power, 12, 485-487, 500, 501 
Horseshoe magnets, 96, 302, 312, 

478 
Hot-wire ammeters, 342, 345 

-wire voltmeters, 319, 321-325 
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Human body as an electrical con- 
ductor, 709, 710 
resistance of, 709 

Hunting of rotary converters, 622 

Hydrogen gas, 34, 3^-40, 42, 43, 
45, 46, 49, 641, 690 

Hydrometer, 73, 87 

Hysteresis, 102, 124, 232, 245, 483, 
484 

Illuminated dial meters, 308, 309, 

318 
Illumination, interior, 655, 684, 685 
Impedance, 196-197 
Impressed electromotive force, 192, 
193, 196, 199, 200, 563, 
564, 568 
Improvements in electric station, 

guide to, 716, 717 
Impurities in carbon rods, effect of, 

653, 656, 657 
Incandescent lamp base, 627, 630, 
634 
life, 633, 637, 640, 648, 
649 
lamps, 627-650, 705, 706 
brilliancy of, 637 
cost of, 632, 637, 638 
lighting, 215 
Inclined coil ammeters, 342, 345 
voltmeters, 319, 325-327 
Index, meter, 308, 309 
Indicating instruments, 358-365 
Indicator, synchronism, 222-224 
Induced current, direction of flow 

of, 107 
Inductance, 195-197, 199, 221, 
399, 402, 417 
measurement of, 299, 300 
Induction ammeters, 342-345 
coil, 109, 570, 645 
electromagnetic, 12, 13, 106- 

117, 195 
motor field polarity, 566 
operation, 576-584, 605 



Induction motor, primary or 
(stator) field, 565-567, 
569, 586, 588, 596, 597, 
599, 601 
secondary or (rotor) arma- 
ture, 565-568, 572, 573, 
577, 685-587, 589, 596, 
599, 601 
slip, 668, 580 
wiring, 575, 576 
motors, 664r-605 
forms of, 586-605 
precautions in starting, 682- 

684, 601, 602 
starting current for, 576, 677 
Inductive circuits, 195-197, 199, 
221, 294, 399, 402, 417, 
423 
electromotive force, 192-194 
resistance, non-, 190, 199, 663, 
567 
Input, motor, 498, 600 
Inspection and handling of cells in 
battery substation, 696, 
696 
lamp, battery, 87 
Inspections, power house, 718 
Installation of a motor, 573-576 
wiring and operation, motor, 
501-510, 573-584, 605 
Instantaneous current, 190, 191, 
200 
electromotive force, 190, 191, 
200 
Insulated platform for generator, 
701 
wire, 20-22, 289, 290 
Insulation, 435, 472, 474, 639 

resistance, 144, 289, 290-292, 

376, 701 
transformer, 247, 256, 257 
Insulators, 14-16,^247, 287-289, 
471, 672, 697 
storage battery, 697 
Interior illumination, 655, 684, 686 
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Interpolation, 2S4 

Inverted rotary converters, 625, 

626 
Iron filings on a magnet, 91, 93, 94 
Ironless-field voltmeters, 319, 320 
Iron pipe protection for station 

wires, 475 
wire, 641, 642 
Isolated plant, switchboard in, 

366-368, 378 

Jacks, ammeter, 394-396 
Joule, 12 
Junction box, 686 

Keeper, magnet, 96 
Kelvin balance, 334, 338-341 
Key socket, lamp, 634r-636 
Kilowatt, 11 
Kilowatt-hour, 12 
Knife-blade contact for fuse con- 
nection, 409 
switches, 396-402 
Knobs, porcelain, 387, 388, 474 

Lag, angle of, 192 
Laminated pole pieces, 529 
Laminating the magnet core, 102, 

150, 154, 171, 173, 483 
Lamp base, Edison, 634 
battery inspection, 87 
bulbs, acid etching, 638 
colored, 638 
frosted, 637, 638 
carbon life, 653, 654, 673 
negative arc, 651, 652, 654, 
657 
cost, 632, 637, 638 
current, 640, 651, 653 
efficiency, 647 
filament resistance, 632 
fil9,ments,« incandescent, 627, 

628, 630-633, 636, 637 
globes, diffusing, 637 
key socket, 634-636 



Lamp life, incandescent, 633, 637, 
640, 648, 649 
light, quality of, 633, 639, 648- 

650, 653, 662, 673, 685 
mercury vapor, 644-648 
Moore, 648-650 
Nernst, 63^-644 
pull socket, 634, 635 
reflectors, 636, 644, 645 
spring clip socket, 637 
voltage, 653, 661, 673, 682, 685 
Lamps, arc, 637, 651-686, 704^706 
enclosed arc, 653-658, 668, 

669, 682, 685 
filament, 627-638 
incandescent, 627-650, 705, 

706 
open arc, 653-658, 668-670, 

685 
synchronizing, 461, 467, 468 
vapor-tube, 644-650 
Leading-in wires of incandescent 

lamp, 628, 636 
Lead type storage cell, 65-62, 70, 

71, 73 
Leakage, current, 696 

magnetic, 101, 102 
Leclanch^ cell, 42-44 
Life, arc lamp carbon, 653, 654, 673 
incandescent lamp, 633, 637, 
640, 648, 649 
Lifting power of magnet, 103, 104 
Light from electricity, 627, 630, 637 
in a substation, provision for, 
689, 690 
Lighting circuits, 633, 647 
decorative, 630, 639 
general 639 
incandescent, 215 
line, 637, 649 
spot, 650 

street (outdoor), 655, 662, 683 
systems, pow«r and, 687, 688 
Lightning arrester connections, 
417, 418, 476 
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Lightning arresters, 405, 416-423, 
475, 476 
discharge, 416, 417, 420-423 
Light, quality of lamp, 633, 639, 648, 
649, 650, 653, 662, 673, 685 
Limbs, magnet, 96 
Line lighting, 637, 649 

wires, 204-212, 369, 371, 372 
Lining up a motor, 574 
Linolite lamp, J. M., 636, 637 
Live wire, handling a, 711, 712 
Load, 481, 483, 488, 494-496, 500, 
501, 508, 509, 540, 541, 
662-564, 568, 570, 571, 
600, 601, 607, 615, 616, 
626, 689, 697, 708, 709 
curves, 67, 69, 708, 709 
Location of a motor, 573 
substation, 689 
switchboard, 366-374 
Loop armature winding, 216 
Loss, armature core, 499, 500 

eddy current, 102, 123, 227, 
232, 240, 246 
Losses, generator, 123, 124 
in motor, 500 
in storage cells, 54, 55 
transformer, 245-248 
Loss, friction, 123, 499, 500 

hysteresis, 102, 124, 232, 245 
resistance, 124, 245, 246, 490, 

500 
transmission, 184,- 243 
Low-voltage station, switchboard 

in, 370-372 
Lugs, connecting, 386 

Magnet core, laminating the, 102, 
150, 154, 171, 173, 483 
field, 112, 124-127, 150, 156, 
159, 162, 166, 168, 171, 
173, 174, 213, 214, 220, 
227, 236, 239, 482, 483, 
510, 522, 525, 540, 542, 
557, 563, 665, 606, 612 



Magnet, horseshoe, 96, 302, 312, 
478 
how to make a permanent, 90, 
91 
Magnetic action, force of, 95, 477-' 
479, 484, 485 
attraction, 91-^5, 477-479, 

484, 485 
damper, 302 
density, 94, 99-101, 104 
effect illustrated by iron filings, 

91, 93 
field, 94, 95, 145, 477-479, 482, 
483, 489, 490, 494-497, 
563, 566, 600 
rotary, 566, 567, 600, 602 
leakage, 101, 102 
lines of force, 94-96, 98-104, 

106-111, 246, 477-479 
metal, non-, 303 
repulsion, 92, 696, 671 
screen, 95 
substances, 95 
Magnetism, 90-105 

in bar magnet, distribution of, 

91-93 
residual, 101, 156 
Magnetite, 67 

Magnetization curves, 98-100 
Magnetizing power, 97, 98, 103 
Magnet keeper, 96 

lifting power of, 103, 104 
limbs, 96 
Magnetomotive force, 97, 98, 101 
Magneto testing set, 144, 156, 292- 

293 
Magnet polarity, 92, 93 
poles, auxiliary, 182 
commutating, 182 
portative power of, 104, 105 
pull of, 103, 104, 477-479, 484, 

485 
yoke, 97 
Magnets, application of, 103-105, 
297, 298 
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Magnets, artificial, 90-105 
bar, 90-94 

horseshoe, 96, 302, 312, 478 
natural, 90 

permanent, 90-96, 124, 272, 
477 
Maintenance of arc lamps, cost 
and, 655, <685 
of electric stations, 699-718 
Management of arc lamps, care 

and, 681-683 
Management of electrical stations, 
699-719 
of substations, 709 
Manager, electric station, 715- 

719 
Marble, precautions in working, 
377 
switchboards, 374, 376, 377, 
. 379, 394 
Measurement of capacity, 294- 
298 
of inductance, 299, 300 
of resistance, 26^294, 299, 300 
Measuring instruments, electrical, 

111, 112, 269-365 
Mechanism, arc lamp, 657, 658, 
664-667, 66^-672, 675, 
682 
Megohm, 9 

Mercury, 644, 645, 648, 679, 681 
rectifier, 266-268, 678-681 
bulb, 678-680 
connections, 678 
vapor, 644, 647, 679 
lamp, 644-648 
Mesh connection, three-phase, 208, 

210-212, 251-253 

Metallic arc lamp electrodes, 674- 

676 

filament, 631, 632 

fiame arc lamps, 673-675 

Metallized carbon filament, 631, 

633 
Metal, non-magnetic, 303 



Meter brake or damper, 326, 327, 
332-334, 350 
dial, how to read a, 357, 358 
frequency, 362, 363 
index, 308, 309 
power factor, 362-364 
readings, 308 

scale or dial, 300, 302, 308, 

309, 311, 316, 342, 350, 

351, 353, 367, 358 

Meters, direct-reading, 301, 334, 

341 

edgewise, 308, 310, 311, 317, 

328 
illuminated dial, 308, 309, 318 
portable, 300-308, 311-316, 
318-327, 334-341, 346- 
349 
station, 300, 308-311, 317, 
318, 327-329, 332, 333, 
341-345, 349-365 
watt-hour, 353-357 
Methods of obtaining good station 

employees, 717 
Microfarad, 12, 294, 296, 298 
Microhm, 9 
Microvolt, 8, 9 
MQ, 20-23 

circular, 20-22, 26, 390 
Milliampere, 8, 9 
Millihenry, 13 

Mirror, 273, 274, 276, 297, 308, 309 
Moore lamp, 648-650 
Motor brake, 553 

circuit, test for open, 541 
connections, single-phase, 603- 

605 
defects and remedies, direct- 
current, 510-541 
efficiency, 497-499, 501 
fails to start, 541 
form of a, 572 

foundation, 501, 502, 573, 574 
frame, 573, 586, 596 
-generator booster, 607 
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Motor-generators, 606-610, 688 
Motor input, 498, 500 

installation of a, 573-576 
installation, wiring and opera- 
tion, 501-510, 573-584, 

605 
lining up a, 574 
location, 573 
losses, 500 

margin of capacity of, 573 
-operated switches in sub- 
station, 693-695 
output, 583 
selection of a, 571-573 
size of wiring for a, 575, 576 
speed variation, 489, 547, 595 
starting resistance, 577, 578, 

580, 582, 583, 585, 588, 

589, 601 
-starting rheostats, 428, 429, 

431-433, 505, 506, 508, 

510, 513 
temperatures, direct-current, 

524, 526 
weight of a, 572 
wiring, 575, 576 
Motors, alternating-current, 215, 

561-605, 606, 609, 613, 620 
back-geared, 547, 548 
bipolar, 504, 556, 557 
commutating pole, 554, 555 
commutator single-phase, 592- 

599 
compensated repulsion, 596 
compound, 495, 496, 502, 503, 

553, 554, 560 
constant-current, 496, 497 
constant-potential, 487-496 
direct-connected, 549, 550, 606 
direct-current, 477-560, 606, 

608-611 
enclosed, 548 
induction, 564-605 
multipolar, 504, 542-555, 

558-560 



Motors, polyphase, 569-571, 576- 
583, 603, 609 

precautions in starting direct- 
current, 503-509 

precautions in starting induc- 
tion, 582-584, 601, 602 
in stopping, 508 

principles of alternating-cur- 
rent, 103, 111, 561-571 
of direct-current, 103, 111, 
477-487 

reversible, 504 

semi-enclosed, 547, 548 

separately-excited, 505 

series, 488, 490, 494, 495, 502, 
506, 507, 509, 540, 551- 
553 

shunt, 488, 494, 495, 500-502, 
505, 507, 509, 540, 542- 
550 

single-phase, 569-571, 576- 
581, 592-605 

single-phase commutator, 

592-599 

starting current, direct-cur- 
rent, 481 

synchronous, 561-564, 582, 
610, 620, 621 

three-bearing, 559, 560 

three-phase, 571, 576, 579, 
580, 603, 608 

two-phase, 570, 571, 575, 576, 
578, 579, 603 

typical forms of alternating- 
current, 584-602 

typical forms of direct-current, 
542-560 

vertical, 548, 549, 550 
Moving-coil ammeters, 342, 345 

-coil voltmeters, 319, 320 
Multiple-gap lightning arresters, 

417, 423 
Multiplier, voltmeter, 305, 306, 

311, 328, 348 
Multipolar generators, 159, 162 
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Multipolar motors, 504, 542-555, 
558, 559, 560 

National electric code, 702 

Natural magnets, 90 

Needles, 330-332 

Negative arc lamp carbon, 651, 

652, 654, 657 
Nemst lamp, 63S-644 
Neutral points, 517 
Nickel-iron storage cell, 62-65, 70 
Nitrogen gas, 650 
Noise, 153, 154, 510, 516, 533-537 
Non-inductive circuits, 190, 192, 
195, 199, 399, 419-422 

winding, 280, 301, 313 
Non-magnetic metal, 303 

screen, 95 

Ohm, 6, 9 

Ohm's law, 6, 7, 8, 190, 278, 293 
OU, 139, 149, 151, 247, 256, 260, 
268, 377, 443, 516-518, 
532, 537, 575, 584 
-cooled transformers, 254, 255, 

258 
drainage, transformer, 691 
Oiling rings, 151, 160, 532, 552, 575 
Oil switches, 373, 402-405, 691, 
692, 693, 694 
wells, 574, 575 
Open arc lamps, 653-658, 668-670, 
685 
fuse, 406, 409, 410 
motor circuit, test for, 541 
Operation and maintenance of 
electric stations, 699-718 
motor wiring and, 501-510, 

575-584, 605 
of alternators, 219-225, 364, 

365, 467-469 
of direct-current generators, 

155-157, 443-451 
of induction motors, 576-584, 
605 



Operation of rotary converters, 
613, 615, 618-622, 624, 
625 
of three-wire generators, 180, 

181 
of transformers, 248, 249 
switchboard wiring and, 434- 
470 
Orders to station attendants, 703, 

717 
Oscillator for armature shaft, 622, 

623 
Outdoor (street) lighting, 655, 662, 

683 
Output, 34, 35, 116, 122, 159, 162, 
163, 497, 498, 583, 614, 
626, 704, 705, 709 
effect of battery size on, 34, 

35 
generator, 626 
motor, 583 

primary battery cell, 34-36, 
39, 43, 44, 47, 49, 51, 53 
rotary converter, 614 
storage battery cell, 55, 67, 81, 
82 
Over-compounded generators, 136 
Overhead cables entering sub- 
station, 691, 692 
line wires, 369, 371 
Overload, 137, 148, 149, 510, 511, 
537, 538, 541, 560, 614 
circuit breakers, 416 
release, 428, 430, 431 

Painting exposed conductors, 699 
Paint, sulphuric-acid-proof, 73 
Panel switchboard, single, 378 
Paper pulley, 557 
Paraffin, use of, 41, 48, 50, 85 
Parallel circuits, 28-30, 36, 37 

connection of arc lamps, 684, 
685 

operation of alternators, 221- 
225, 364, 365, 467-469 



INDEX 



739 



Parallel operation of direct-current 
generators, 445-451 
of rotary converters, 624 
of three-wire generators, 

180, 181 
of transformers, 248, 249 
Peripheral speed, 572, 573, 615 
Permanent magnet, how to make a, 
90, 91 
magnets, 90-96, 124, 272, 477 
Permeability, 9^101 

curves, 100 
Phosphor-bronze wire, 273 
Pilot lamp, 155, 460 
Plan of switchboard wiring, 434 
Plated- carbon rods for arc lamps, 

657 
Platform, generator insulated, 701 

switchboard insulated, 699 
Platinum wire, 321, 324, 628, 640, 

644 
Plug cut-outs, 405, 410, 411 

switch, 395, 470 
Plugs, switchboard, 391-396 
Pointer, 301, 302, 304, 307-309, 
324, 327, 329, 335, 336, 
344, 353, 357, 358, 361, 
364, 365 
Polarity due to electromagnetism, 
110, 302, 303 
how to determine, 75, 76 
of a magnet, 92, 93 
of induction motor field, 566 
of rotary converter field, 624 
of the brushes, 493, 494 
of transformers, 249 
Polarisation of battery, 39, 40, 44, 

45, 49, 52, 53 
Pole pieces, 126, 127, 156, 162, 164, 
167, 171, 182, 214, 478, 
483, 528, 529, 536, 542, 
543, 556, 557, 561, 618, 
619, 622 
Poles, battery, 34 
Pole shoe, 174, 229, 556 



Polyphase alternators, 117 
currents, 117, 202 
motors, 569-571, 576-583, 603, 

609 
rotary converters, 614, 619 
Porcelain cleats, 388 

knobs, 387, 388, 474 
Portable meters, 300-308, 311-316, 
318-327, 334-341, 346, 
347-349 
railway substation, 696-698 
Portative power of magnet, 104, 

105 
Porus cups in battery, 40-43 
Positive arc lamp carbon, 651, 652, 

654, 657 
Potential transformers, 265, 463 
Power, 10-12, 197-199, 243, 346» 
352, 356, 498, 499, 501 
and lighting systems, 687, 688 
curve, 198, 199 
factor, 198-200, 243, 356, 357, 
363, 364, 563, 569-571, 
681, 582 
meter, 362-364 
house inspections, 718 

reports, 703-709 
magnetizing, 97, 98, 103 
plant equipment, cost of, 716, 

717 
station net earnings, 716 . 
stations, 687, 688 
station, storage cellsin, 66-70, 
76, 77 
system in a, 699 
substation distribution of, 688 
wattless, 199 
Practical training, 718 
Precautions against electric shocks, 
710-712 
ammeter, 313, 314, 316, 337, 

341 
direct-current generator, 443, 

445 
electrostatic balance, 334 
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Precautions, electrostatic volt- 
meter, 331, 332, 334 

for station attendants, 699- 
701, 703, 710, 711 

for storage battery attendants, 
87, 88 

galvanometer, 274-276 

in parallel operation of genera- 
tors, 451 

in removing armature, 513, 
514, 584 

in replacing armature, 514, 
516 

in starting direct-current 
motors, 503-509 

in starting induction motors, 
582-584, 601, 602 

in stopping motors, 508 

in working marble, 377 

voltmeter, 307, 308 

Wheatstone bridge, 283, 284 
Pressure, brush, 141, 142, 146, 

503, 504, 516, 550 
Primary battery cell electromotive 
force, 35, 36, 38, 44, 

46, 49, 51, 53 
output, 34-36, 39, 43, 44, 

47, 49, 51, 53 

cells, 32-53, 270, 277, 280, 
281, 286, 295, 298 
chemical reactions in, 43, 

46, 47, 49, 51, 53 
defects, 38-42, 44, 47, 50, 53 
elements, 32, 34, 35, 38, 39, 
42, 45, 46, 48, 50, 52 
or (stator) field, induction 
motor, 565-567, 569, 586, 
588, 596, 597, 599, 601 
winding of transformer, 245, 
248, 250-253, 259, 264- 
267 
Principles of alternating-current 
motors, 103, 111, 561-571 
of direct-current motors, 103, 
111, 477-487 



Principles of electricity, leading, 

1-5 
Privileges of the station superin- 
tendent, 718, 719 
Problems confronting new station 

superintendent, 716 
Profits of electric station, net, 718 
Prony brake, 498 
Protection afforded by fuses, 407, 

411, 412, 430 
of station wiring, 473, 475 
Protective apparatus, 405-425, 475, 

476 
Pulley, 146, 152-154, 513, 534, 535, 

537, 539, 546, 547, 557, 

573, 574 
Pull of magnet, 103, 104, 477- 

479, 484, 485 
socket, lamp, 634, 635 

Qualifications for station superin- 
tendent, 715, 716 
Quality of lamp light, 633, 639, 
648-650, 653, 662, 673, 
685 
Quantity of electricity, 9, 10 
Quarter-phase current, 202 
Quick-break switches, 398, 399 

Radiating plate in arc lamp, 665 
Railings for belts and machinery, 

699 
Rails, motor base, 501 
Railways, electric, 687, 688 
Railway substation, portable, 696- 

698 
Rating of arc lamps, 653 
Ratio arms, Wheatstone bridge, 

279, 282, 283, 299 
of voltages in rotary converter, 

614, 615 
transformer, 245, 250, 252, 

253, 255 
Reactance, 195-197, 601, 602, 673 
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Reactions in primary cells, chem- 
ical, 43, 46, 47, 49, 51, 53 
in storage cells, chemical 58, 59 
Readings, meter, 308 
Recording ammeters, 349-351, 703 

voltmeters, 349, 463, 703 
Rectifier, mercury, 266-268, 678- 

681 
Reflectors, lamp, 636, 644, 645 
Regulating effect of storage cells, 
68-70 
pole rotary converters, 617- 
619 
Regulation of transformer, 248, 256 

voltage, 616, 617 
Regulator, automatic voltage, 466, 

467 
Relighting, automatic, 646, 647 
Reluctance, 99-101 
Remedies, alternator, 219-222, 
224, 225 
direct-current generator, 137- 
154 
motor, 510-541 
primary battery, 38-42, 44, 

47, 50, 53 
storage battery, 54, 70-73, 79, 

83-89 
transformer, 245-247, 249, 
256-258 
Remote control, 373, 374 
switches, 403, 404 
Reports, power house, 703-709 
Repulsion, magnetic, 92, 596, 671 

motor, 596 
Residual magnetism, 101, 156 
Resistance, 4-9, 11, 17, 18, 23, 24, 
29-31, 196, 270, 277, 279, 
280-282, 285-287, 299, 
304, 328, 390, 422, 425, 
427, 431 
affected by shape of conductor, 

390, 391 
arc lamp, 660-663, 666-668, 
673 



Resistance, calculation of, 17-26 
contact, 271, 284 
copper wire, 5, 20, 21, 23, 24 
for speed control, 582, 583 
insulation, 144, 289-292, 376, 

701 
lamp filament, 632 
loss, armature, 124, 245, 246, 
490, 500, 614 
field, 124, 500 
measurement of, 269-294, 299, 

300 
motor starting, 577, 578, 580, 
582, 583, 585, 588, 589, 
601 
non-inductive, 190, 199, 563, 

567 
of human body, 709, 710 
specific, 15, 17, 18, 632 
under change of temperature, 
16, 18, 24, 285, 286, 306, 
320, 390, 391 
voltmeter, 304, 306 
Resultant electromotive force, 193, 
194 
field, 482-484 
Reverse current circuit breakers, 

416 
Reversible motors, 504 
Reviving victims of electric shocks, 

711-715 
Rheostat connections, 433 
Rheostats, 126, 127, 130, 131, 133, 
134, 155, 279, 283, 425- 
433, 437, 439, 443, 445, 
447, 455, 458, 461, 463, 
466, 467 
motor-starting, 428, 429, 431- 
433, 505, 506, 508, 510, 
513 
temperature limit for, 427 
Ribbon-type fuse, 406 
Rocker-arm, brush, 155, 162, 166, 

175, 558-560, 516 
Rosin, 537 
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Rotary converter field polarity, 624 
output, 614 

ratio of voltages in, 614, 615 
substation, 689 
converters, 606-608, 612-626, 
687, 688 
inverted, 625, 626 
operation of, 613, 615, 618- 

622, 624, 625 
regulating pole, 617-619 
magnetic field, 566, 567, 600, 
602 
Rotating field alternators, 225, 227, 

228, 236 
Rotation of armature, direction of, 
490-492, 502, 503, 569, 
619 
Rotor, 229, 230, 239, 565-568, 572, 
573, 577, 585-587, 589- 
592, 596, 597, 599, 601 
conductors, 587, 590, 592, 594. 

596, 601 
core, 386 
Rubber gloves, 331 

Safety for station attendants, 699 

from fire, 701, 702 
Sand as a fire extinguisher, 702 
Sandblasting a lamp bulb, 638 
Sandpapering brushes, 139, 140, 
515, 516, 537 
the commutator, 518, 537 
Saturation, point of, 128, 129 
Scale, galvanometer, 274-276 

or dial, meter, 300, 302, 308, 
309, 311, 316, 342, 350, 
351, 353, 357, 358 
Schaefer method of treatment for 

shock, 712-715 
Screens, magnetic and non-mag- 
netic, 95 
Secondary or (rotor) armature, 
induction motor, 565-568, 
572, 573, 577, 585-587, 
589, 596, 599, 601 



Secondary winding of transformer, 
245, 250-253, 259, 264- 
267 
Selection of a motor, 571-573 
Self-cooled transformers, 254, 267, 
-excited generators, 125, 126, 
220 
Semi-enclosed motors, 547, 548 
Sensibility of galvanometer, 276, 

298 
Separately-excited generators, 125, 
220 
motors, 505 
Separators of storage cell, 61, 83, 

84, 87 
Series circuit, 27, 28, 35, 36, 37 
connection of arc lamps, 683, 

684 
field coils, 551, 553 
generators, 126-129^ 490, 491 
in parallel connection, 448, 

449 
in series connection, 447, 
448 
motors, 488, 490, 494, 495, 
502, 506, 507, 509, 540, 
651-553 
operation of alternators, 225 
of direct-current generators, 

447-449 
of transformers, 248 
-parallel circuit, 28, 30, 37, 38 
transformers, 266, 345 
Shaft, armature, 517, 532, 533, 539, 
549, 552, 556, 572, 574, 
584, 622 
Shock, electric, 332, 372, 374, 701, 
709-715 
treatment for electric, 712-715 
Shoe, pole, 174, 229, 556 
Shunt ammeter, 315-318 
field coils, 543, 553 
galvanometer, 276, 286, 288 
generators, 130-132, 173, 491, 
492 
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Shunt generators in parallel con- 
nection, 445-447 
switchboard wiring for, 
435-447 
motors, 488, 494, 495, 500- 
502, 505, 507, 509, 540, 
542-550 
Siemens dynamometer, 334-338, 

341 

Sine curve, method of drawing, 186 

Single-phase alternators, 116, 203, 

216, 217, 230, 231, 232, 

458, 467, 468 

commutator motors, 592-599 

current, 189, 190, 202, 217, 

243, 566 
electromotive force, 185 
motor connections, 603, 604, 

605 
motors, 569-571, 576, 577- 

581, 592-605 
rotary converters, 612, 613, 

619 
system, 185-202, 212 
Single-pole switches, 332, 397, 398, 

400 
Single-throw switches, 397, 398, 

401 
Six-phase rotary converters, 613- 

615 
Size of wiring for motor, 575, 576 
Skin, resistance of, 710 
Slate switchboards, 374, 376, 378 
Sleeve connection, 381-383 
Slide-wire bridge, 269-272 
Slip in induction motors, 568, 
580 
rings, 567, 583, 585, 587, 589, 
591 
Snap switch, 396 
Socket, lamp key, 634-636 
pull, 634, 635 
spring clip, 637 
Solution, primary battery, 32, 34, 
35, 38, 42, 44-51 



Solution, storage battery, 54, 55, 
58, 59, 61, 64, 71, 73, 77- 
80, 83, 86-88, 696, 697 
Space plates, 166, 238, 263 
Spacing between cells of a storage 

battery, 697 
Spark gap, 332, 419, 420, 421, 422 
Sparking, 137-147, 482, 484, 487, 
504, 510-522, 638 
distances, curve of, 331, 332 
Specific gravity of storage battery 
solution, 55, 58, 59, 61, 
65, 73, 74, 78, 79, 81 
resistance, 15, 17, 18, 632 
Speed, 155, 163, 183, 189, 213, 227, 
241, 480, 481, 485, 486- 
489, 494-498, 522, 538- 
541, 561-564, 567, 568, 
570-573, 581, 582, 583, 
595, 601, 615, 619-622 
abnormal, 510, 538-541 
control, resistance for, 582, 583 
limiting device, 623, 624 
peripheral, 572, 573, 615 
synchronous, 561, 563, 595, 

619-622 
variation, motor, 489, 547, 
595 
Spherical candle-power, 653 
Spider, armature, 162, 168, 175 
Spot Ughting, 650 
Squirrel-cage rotors, 566, 567, 577, 
585, 586, 590-592, 597, 
601 
Staggered armature winding, 217, 

218 
Star connection, three-phase, 208- 

212, 250-253 
Starting current, direct-current 
motor, 481 
induction motor, 576, 577 
direct-current motors, precau- 
tions in, 503, 504-509 
induction motors, precautions 
in, 582, 583, 584, 601, 602 
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Starting polyphase motors, 576- 
583 
resistance in arc lamp, 666 
motor, 577 578, 580, 582, 
583, 585, 588, 589, 601 
rheostats, motor-, 428, 429, 
431-433, 505, 506, 508, 
510, 513 
rotary converters, 619, 620 
single-phase motors, 570, 576, 
577-581 
Start, motor fails to, 541 
Static electricity, 539, 540 
Stationary armature alternators, 

225, 227, 228 
Station attendants, 366-370, 372- 
374, 699, 703, 710,. 711, 
717 
precautiQns for, 699-701, 
703, 710, 711 
employees, methods of obtain- 
ing good, 717 
expenses, electric, 718 
improvements, electric, 716, 

717 
meters, 300, 308-311, 317, 318, 
327-329, 332, 333, 341- 
345, 349-365 
operation and maintenance, 

electric, 699, 718 
plan of small, 368 
subway, construction of, 473, 

474 
superintendent, electric, 715- 

719 ' 
wiring, 471-476 
Stations, management of electrical, 

699-719 
Stator, 228, 229, 564-567, 569, 586, 
588, 596, 597, 599, 601 
winding, 586, 599-601 
Steam-power plant, 707 
Step-down transformers, 244, 245, 
328, 579, 580 
-up transformers, 244, 245 



Stopping a direct-current motor, 

precautions in, 508 
Storage battery, 54-89 

cell, chemical reactions in, 58, 
59 
electromotive force, 59, 61, 

62, 64, 77, 78, 80, 81 
lead type, 55-62, 70, 71, 

72, 73 
losses, 54, 55 
output, 55, 67, 81, 82 
spacing between, 697 
charging, 55, 58, 59, 61, 64, 
65, 67, 68, 70, 71, 75-80, 
85, 607, 611 
connecting cells of, 71, 72 
defects, 54, 70-73, 79, 83- 

89 
efficiency, 55, 64, 89 
in power station, 66-70, 76, 

77 
inspection and handling, 

695, 696 
insulators, 697 
life, 84, 85 
plates, 54-64, 76, 83, 84, 86, 

87 
remedies, 54, 70-73, 79, 

83-89 
room, 690, 691 
selection, 88 
substations, 688-690, 695- 

697 
weight, distribution of, 697 
Store-room in electrical station, 

702, 703 
Street (outdoor) lighting, 655, 662, 

683 
Striking the arc, 658 
Strip field winding, copper, 164, 

174, 182, 229, 232, 236 
Studs of brushes, 165, 551, 556, 

560 
Substation apparatus, arrangement 
of, 691-694 
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Substation, battery arrangement 
in, 695-697 
building, 689, 690 
distribution of power, 688 
light in a, 689, 690 
location, 689 

portable railway, 696-698 
rotary converter, 689 
Substations, 687-698, 709 
management of, 709 
storage battery, 688-690, 695- 
697 
Substation switchboard, 691-694, 
698 
switching apparatus, 691-695 
transformers in, 687, 688, 690- 

694 
ventilation, 690 
Subway, construction of station, 
473, 474 
wiring, 473-475 
Sulphating of storage battery 

plates, 78, 83 
Sulphuric-acid fumes, 690 

proof paint, 73 
Superintendent, electrical station, 

715-719 
Supplies, electrical station, 702 
Supports for conductors, 471-474 

switchboard, 379, 380 
Suspension, arc lamp, 685, 686 
Switchboard, assembling a, 377, 
378 
connections, 380-386 
construction, 374-380 
fittings, 379, 380-396 
foundation, 380 
function of, 366 
gallery, 369-372, 374 
in high-voltage station, 372, 

373, 387, 388 
in isolated plant, 366-368, 378 
in large station, 369 
in low-voltage station, 370- 
372 



Switchboard in small station, 367- 
369, 378 
in substation, 691-694, 698 
insulated platform for, 699 
location, 366-374 
materials, 374-377 
plugs and cables, 391-396 
shunt generator wiring to, 

435-447 
supports, 379, 380 
wall braces, 378 
wiring and operation, 434-470 
diagrams, 436, 439, 441, 
446, 453, 454, 456, 459, 
462, 464, 468, 470 
for alternators, 458-470 
for compound generators, 

451-455 
for field excitation, 457, 458, 

461 
for shunt generators, 435- 

447 
for three-wire generators, 

455-457 
for three-wire system, 440- 
443, 453-457 
wiring to, 435 
Switchboards, 366-433, 698, 699 
arc-light, 391-395 
asbestos wood, 376 
marble, 374, 376, 377, 379, 394 
single-panel, 378 
slate, 374, 376, 378 
space behind, 371, 372, 699, 

700 
wooden, 374-376 
Switch compartments, fireproof, 
373, 374 
end-cell, 82 
materials, 397 

multiple pole, double throw, 
578 
Switches, 82, 332, 395-405, 437, 
440, 443, 454, 455, 458, 
462, 470, 578, 691-695 
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Switches, current carrying capacity 
of, 401, 402 
electrically-operated, 404, 405 
high-potential, 402-405 
motor-operated, 693-695 
oil, 373, 402-405, 691-694 
quick break, 398, 399 
remote control, 403, 404 
Switching apparatus in substation, 

691-695 • 
Synchronism, 561, 563, 564, 595, 
619-622 
indicator, 222-224 
Synchronizing connections of a 
converter, 621 
lamps, 461, 467, 468 
transformers, 467-469 
Synchronous motors, 561-564, 582, 
610, 620, 621 
speed, 561, 563, 595, 619- 
622 
Synchroscope, 362, 364, 462 
System in a power station, 699 
three-phase, 208-212, 250-253, 

604, 605 
three-wire, 175-177, 507, 508 
two-phase, 204-207, 212, 249, 
250, 603-605 

Tank, transformer, 254, 258, 260, 

261, 268 
Tantalum filament, 631-633 
Tapered joint connection, 386 
Technical training, 718 
Telescope for galvanometer, 274- 

276 
Temperature, 13, 16, 18, 24, 35, 73, 

74,79,147,148,511,523- 

526, 548, 560, 640, 642, 

651, 656, 690 
coefficient, 285, 286 
limit for rheostats, 427 
resistance under change of, 

16, 18, 24, 285, 286, 306, 

320, 390, 391 



Temperatures, direct-current 
motor, 524, 526 
electrical method of testing, 
524-526 
Terminals of carbon filament lamp, 

630 
Test for open motor circuit, 54 J 
for reversed field coil, 522 
for short-circuited field coil, 

522, 528 
for voltage, 507 ^ 
Testing set, magneto, 144, 156, 292, 

293 
Thermometers, 13, 87, 147, 149, 

151, 260, 524, 526 
Three-bearing motors, 559, 560 
-phase alternators, 116, 117, 
208-210, 218, 226, 227, 
238, 240, 460-462 
circuit, 565 
current, 116, 117, 207, 208, 

253, 254 
mesh connection, 208, 210- 

212, 251-253 
motors, 571, 576, 579, 580, 

603, 608 

rotary converters, 613-615 
system, 208-212, 250-253, 

604, 605 

-pole switches, 398, 401-405 
-wire generators, 175, 177-181 
operation of, 180, 181 
switchboard wiring, 455- 
457 
-wire system, 175-177, 507, 
508 
switchboard wiring for, 440- 
443, 453-457 
Torque, 485-487, 489, 490, 494- 
496, 663, 566-570, 580, 
581 
Tortion, 337 
Training, practical, 718 

techni(;al, 718 
Transformer booster, 464-466 
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Transformer connections, 24&-254, 

603,604 
cooling coil, 260, 261 
core, 244, 246, 256, 263-265 
defects and remedies, 245-247, 

249, 256^258 
efficiency, 247, 248 
insulation, 247, 256, 257 
losses, 245-248 
oil drainage, 691 
operation, 248, 249 
polarity, 249 

ratio, 245, 250, 252, 253, 255 
regulation, 248, 256 
remedies, 245-247, 249, 256- 

258 
secondary, grounding, 256- 

258 
tank, 254, 258, 260, 261, 268 
ventilation, 262-265 
windings, 244, 245, 248, 250- 

253, 259, 264-267 
Transformers, 109, 243-268, 328, 

345, 460, 463-465, 467- 

469, 579, 580, 603, 604, 

606, 608, 614, 678, 679, 

704, 706 
air-blast, 254, 261, 262 
-cooled, 254, 261-268 
constant-current regulating, 

678, 679 
current, 265-267 
in substation, 687, 688, 690- 

694 
oil-cooled, 254, 255, 258 
parallel operation of, 248, 249 
potential, 265, 463 
self-cooled, 254, 265, 266 
series, 266, 345 

operation of, 248 
step-down, 244, 245, 328, 579, 

580 

-up, 244, 245 
synchronizing, 467-469 
water-cooled, 254, 260 



Transmission loss, 184, 243 
Travel of electric arc, 656 
Treatment for electric bums, 715 

shock, 712-715 
Trimming arc lamps, 681, 682 

brushes, 139, 140, 515, 516 
Tungsten filament 631-633, 636, 

637 
Two-phase alternators, 116, 117, 
217, 218, 468, 469 
current, 116, 121, 202-204, 

253, 254 
motors, 570, 571, 575, 576, 

578, 579, 603 
rotary converters, 613-615 
system, 204-207, 212, 249, 
250, 603-605 



Underground cables entering sub- 
station, 693, 694 
line wires, 371, 372 
Underload circuit breakers, 416 
Underwriters* wire, 20-22 
Units, electrical, 6-13 



Vapor, mercury, 644, 647, 679 

-tube lamps, 644-650 
Vaseline, 139, 518 
V-connection, 381, 383, 384 
Ventilation, armature, 166, 168, 
172, 233, 239, 546 

field winding, 174, 239 

in a substation, provision for, 
690 

transformer, 262-265 
Vertical motors, 548-550 
Vibrations, 513, 514, 534, 572, 573 
Volt, 6, 8, 9 

Voltage, lamp, 653, 661, 673, 682, 
685 

regulation, 616, 617 

regulator, automatic, 466, 467 

release, No-, 429, 430 
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Voltage test, 607 

Voltmeter connections, 301, 302 
306, 307, 438 
multiplier, 305, 306, 311, 328, 

348 
precautions, 307, 308 
readings, 308 
resistance, 304, 306 

Voltmeters, alternating-current, 
200, 318-334, 460, 462 
directrcurrent, 300-311, 318 
electrostatic, 32^-334 
hot-wire, 319, 321-325 
inclined coil, 319, 325-327 
ironless-field, 319, 320 
moving-coil, 319, 320 
recording, 349, 463, 703 

Wall braces, switchboard, 378 
Water as a fire extinguisher, 
702 
-cooled transformers, 254, 260 
-power plant, 707 
Waterproof covers for generators, 

701 
Watt, 10, 11, 346, 348, 353, 363, 
500, 501, 632, 643, 644, 
647 
-hour, 12, 363, 358 
meters, 353-357 
Wattless power, 199 
Wattmeter connections, 346, 347 
Wattmeters, 200, 346-350, 363 
Wedges, armature, 161, 166, 169, 

175, 229, 234 
Weight of a motor, 572 
Wheatstone bridge, 276-283, 299 

precautions, 283, 284 
Winding, differential, 348 

non-inductive, 280, 301, 313 
Windings, alternating -current 
armature, 112-117, 203, 
204, 208-211, 213-219, 
226-229, 234, 241, 595, 
596, 606, 615, 622 



Windings, direct-current armature, 
118-123, 142, 143, 150, 
157-159, 169, 170, 175, 
484, 604, 530, 546, 606, 
611-613, 615 

field, 126, 127, 130, 132-135, 
145-147, 150, 160, 164, 
174, 182, 183, 229-232, 
236, 488, 494, 495, 528, 
629, 543, 546, 651, 553, 
554, 557, 668, 569, 610, 
612, 616, 617, 619, 620 

transformer, 244, 246, 248, 
250-263, 259, 264-267 
Wire, dimensions, current carrying 
capacities and resistances 
of copper, 6, 19-26, 390, 
391 

fusible, 249 

gage, copper, 18^ 19 

German silver, 269, 271, 
285 

ground, 419, 476 

handling a live, 711, 712 

insulated, 20-22, 289, 290 

insulation, 436 

iron, 641, 642 

phosphor-bronze, 273 

platinum, 321, 324, 628, 640, 
644 

-type fuse, 406 

Underwriters', 20-22 
Wires, connecting, 380-386 

distance between, 434, 471 

line, 204-212, 369, 371, 372 
Wiring and operation, motor, 601- 
610, 575-684, 605 
switchboard, 434-470 

arc lamp, 685, 686 

concealed, 685, 686 

diagrams, switchboard, 436, 
439, 441, 446, 453, 464, 
466, 469, 462, 464, 468, 
470 

exposed, 685, 686 
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Wiring for alternators, switch- 
board, 458-470 
for a motor, size of, 675, 576 
for compound generators, 

switchboard, 451-455 
for shunt generators, switch- 
board, 435-447 
for three-wire generators, 
switchboard, 455-457 
system, switchboard, 440- 
443, 453-457 
induction motor, 575, 576 
protection for station, 473, 
475 



Wiring station, 471-476 
subway, 473-475 
table, 20, 21 

rules for remembering the, 
23 
to switchboard, 435 
Wooden switchboards, 374-376 
Wound-rotor, 585-587, 591, 592 
Wrapped connection, 381 

Yoke, magnet, 97 

Zincs, amalgamating battery, 39 
Zigzag armature winding, 216, 217 
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